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1. Descrretion and Corretation of the BournemouTH Bens. Part 
IJ. Lower or Fresnwarter Serres. By J. Srarxre GARDNER, 
Esq., F.G.8. (Read June 8, 1881.) 


Axzout two years ago I had the honour of laying before this Society 
a description of the marine beds of the Middle Bagshot, exposed be- 
tween Higheliff and Bournemouth*. In continuation of my former 
paper, I now propose completing the description of the Eocene cliffs 
of this part of Hampshire, as far as Poole Harbour. 

These are of freshwater origin, and chiefly interesting on account 
of the fossil flora recently obtained from them. This appears to be 
the most extensive and varied yet brought to light from the Tertiary 
formations ; and its study, even now, promises to modify the views 
held as to the age of very many of the similar fossil floras described 
from other parts of the world. The Paleontographical Society has 
undertaken to publish the entire British Eocene flora; and the first 
parts, comprising the ferns, have already appeared. To illustrate the 
relative importance of the flora of Bournemouth, I may mention that 
there are 19 species of ferns described from it, and that only 10 have 
been met with in all the other British Kocenes and Oligocenes, inclu- 
ding Bovey Tracey, and three of these are also found at Bournemouth. 
Notwithstanding this, few plant-remains are obtained by collectors ; 
for their distribution at Bournemouth is extremely local, and no de- 
tailed description of the cliffs containing them has yet been pub- 
lished. A principal object in bringing the present paper before the 
Society is therefore to indicate the exact position of the fossil-bear- 


* Quart. Journ. Geol. Soc. vol. xxxv. p. 209. 
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ing beds. The literature of the subject is not extensive, no writer 
previous to 1827 having even referred to the cliffs of Poole Bay, 
although the Bagshot beds of Alum Bay, Studland, and Corfe had 
frequently, since 1800, been described or alluded to. 

In 1827, Sir Charles Lyell noticed them, as stated in my former 
paper*. The Rev. P. B. Brodie seems to have been the first, in 1842, 
to.call attention to the occurrence of distinct fossil plants in clay to 
the east of Bournemouth?y, referring them to Lauracesze, Amentacez, 
and Characeew. Mantellt, in 1844, adopted Brodie’s views, and 
again, in 1847§, mentioned the occurrence at Bournemouth of “ the 
same species of plants as those found at Alum Bay.” In 1847 also 
Prof. Prestwich|| connected the Bournemouth and Alum-Bay sands 
and clays with the Bagshot of the London basin; and in 18494] he 
determined the position of the Bournemouth leaf-bed to be from 300 
to 400 feet higher in the series than that of Alum Bay. The fossil 
leaves are referred to, but this time from the west of Bournemouth ; 
and, owing to a local patch only having been examined, the species 
were thought to be few. In 1851, Mantell ** introduced some notes 
on the “foliage of Dicotyledonous trees,” from “thin layers of sandy 
clay in the cliffs west of Bournemouth ;” and in another worktT 
there is a footnote upon the temperate character of the flora com- 
pared with that from Sheppey. In 1855 Trimmer tf used the term 
«* Bournemouth sands and clays” in correlating them with beds of 
the New Forest. In 1856 De la Harpe§$§ recognized 22 species of 
plants from Bournemouth, 13 of which he supposed to be common 
to Alum Bay; and in 1859|||! we find that Heer was acquainted 
with the fact of the occurrence of leaves there and elsewhere in the 
Hampshire basin. 

In 1862, in the ‘ Memoir on the Isle of Wight’ by the Geologi- 
cal Survey, it is said that the fossil floras of Bournemouth, Corfe, 
and Alum Bay are “identical,” although we now know that few of 
the characteristic forms are common to these localities. They are 
said to be “‘ on exactly the same horizon ” without reference to Prof. 
Prestwich’s statement that from 300 to 400 feet of strata intervene. 
During 1865-69, Mr. W. 8. Mitchell was engaged, with the assis- 
tance of a committee appointed by the British Association, in col- 
lecting specimens and information respecting the fossil leaves ; and 
brief notices were read by him at the meeting of the British Asso- 
ciation in 1866. His attention was principally directed to the Alum- 
Bay beds. The first illustration of a fossil leaf from Bournemouth 
ever published was of a Gleichenia by Mr. A.Wanklyn 4 {in 1869, or 


* Quart. Journ. Geol. Soc. vol. xxxv. p. 209. 

t Proc. Geol. Soc. vol. iii. p. 592. + Medals of Creation, vol. i. p, 193. 
§ Geol. Isle of Wight, p. 169. || Quart. Journ. Geol. Soe. vol. iii. 
{ Quart. Journ. Geol. Soc. vol. v. p. 43. 

** Geological Excursion round the Isle of Wight, 2nd edition. Supplement. 
tt Fossils of the British Museum, 1851, p. 51. 

tt Journ. Roy. Agric. Soc. vol. xvi. p. 125. | 

§§ Bull. dela Société Vaudoise des Sciences Naturelles, 1856. 

|| || Flora Tertiaria Helvetiz, vol. ii. p. 314. 

4/4] Ann. and Mag. Nat. Hist. ser. 4, vol. iii. p. 10, pli. 
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fifteen years after Edward Forbes*, in his Anniversary Address to 
this Society, had called attention to the necessity of doing something 
with these floras, and suggested that the Palzontographical Society 
should direct their attention to them. In 1870 Mr. Mansel-Pleydell, 
in the ‘ Flora of Dorset,’ alludes to the plant-remains from Bourne- 
mouth. ‘ 

From that time nothing has been written upon the subject, except 
my own observations, referred to in the first twenty pages of the 
Paleontographical Society’s Memoir on the Eocene flora. 

The cliffs which comprise the Bournemouth freshwater series ex- 
tend from Poole harbour to beyond Bournemouth, and present 
escarpments averaging nearly 100 feet in height, cut up by many 
chines. They are composed of yellow, white, and brownish sands 
and clays possessing hardly any of the bright-red colouring so con- 
spicuous at Alum and Studland Bays; yet in the sunlight and after 
heavy rains their ever varying shades of buff and yellow, orange and 
black, with their crown of dark pine woods, present effects not seen 
on any other British coast. Looked at in the summer, when baked 
by the sun and incrusted with blown sand, they appear monotonous, 
and for years were supposed to be unfossiliferous and on the same 
plane, much of them being jealously guarded private property. 

The freshwater Middle Bagshot series is represented at Alum Bay 
by the unfossiliferous beds 19 to 24 of Prof. Prestwich’s sectiont, 
240 feet thick. It has not been separated, if really present, from the 
Lower Bagshot beds in the London basin. Besides the cliff ex- 
posure at Bournemouth, sections are visible inland in many neigh- 
bouring pits and railway-cuttings ; in all probability also the exten- 
sive deposits of Bovey Tracey are of approximately the same age. 
These beds cannot be correlated, except paleeontologically, with the 
continental Hocenes, the only beds with similar matrix containing 
leaves being, I believe, found at Aix-la-Chapelle. 

I have placed the Bournemouth series in the Middle Bagshots, 
drawing the line between these and the Lower Bagshots at the pipe- 
clays of Corfe, Studland, and Alum Bay, on account of the great 
dissimilarity of the floras contained in them. The Bournemouth — 
flora is distinct from the older floras, and passes upward into the Oli- 
gocene flora without any perceptible break, but does not pass down- 
ward into the Alum-Bay series. The two series are, in addition to 
this, lithologically distinct—the older being characterized by thicker 
and purer clay deposits and coarser and often deeply stained sands, 
the newer by black or sandy clay beds of small extent and fine 
yellow sands. Pipe-clays are everywhere dug from the one, and 
brick-earths mainly from the other. No fiints or stones are ever 
found in these deposits; and the coarser material is quartz grit. 


Description of the Beds. 
In describing the beds of this part of the Bournemouth section, I 
find it most convenient to take what are presumably the oldest first. 
* Quart. Journ. Geol. Soc. vol. x. p. 56. 
t Ibid. vol. xxxv. p. 226, fig. 6. 
| B2 
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The sequence of beds deposited by river-action is, it is well known, 
rather horizontal than vertical, the sediments nearest the head of 
any valley that has been silted up being usually the oldest. To 
take a familiar instance, the plains of the Rhone above Lake Leman, 
were doubtless once a portion of the lake progressively filled in; and 
if sections through them were now visible, these would present many 
miles of horizontal stratification, only cut through and disturbed 
near the surface by the subsequent shifts in the course of the river : 
yet though continuous and horizontal, the sediments in the upper 
part of the valley are, of course, enormously older than those forming 
at the present outfall of the river into the lake. There are many 
indications that the Hocene river which deposited the Bournemouth 
_ strata flowed from a westerly point; and therefore the western ex- 
tremity of the cliff-section is inferred to be the oldest. Moreover 
close examination reveals that the clays, sands, and grits, which do 
not appear at first traceable for more than a few yards, are really 
often in parallel zones of some extent, and repose at an angle which 
exposes at least 400 feet of their thickness. 

It is scarcely necessary to describe the somewhat complicated 
formation of the cliffs in minute detail. Their general appearance 
seaward is that of a confused mass of lenticular patches, now of sand, 
and now of light- or dark-coloured clay, suggesting forcibly a trans- 
verse or oblique section across an old river-valley. ‘The sections up 
the chines do not present the same lens-shaped patches, but more 
continuous beds; and it may therefore be assumed that they are 
somewhat more in the direction of the former channels. 

The cliffs fronting the sea may be divided into three groups, which 
are not difficult to distinguish when unobscured by blownsand or débris. 

From Poole Harbour to Bateman’s Chine there are masses of dark 
clay enclosed in the sands. The principal mass is 1100 feet long 
and about 35 feet above high water. It consists of a continuous 
band, 4 feet thick, of yellowish sandy clay, overlain by darker clay 
of varying thickness, and attaining 40 feet at its eastern end. It 
terminates in the chine, and is barely traceable across to the other 
side. At the base of this dark clay there are in several places 
lighter clay patches containing leaves, the most important being 
situated at about 100 yards to the west of the chine just mentioned. 


The exact section is :— 
ft.) im 
Gravel, a few feet 


Cross-bedded coarse sands with rolled pipe-clay..... ..........2.06- 12 0 
Marly white clays, unstratified,with a layer of bright yellowsand 4 0 
Slate-coloured clay, with frequent layers of pyrites towards the. 

[SEIS he cee RUB DNR Mee Ac ptin nicotene eee er ene 11.0 
Malan Clay WALMUCAVES «7.2. <jsc-aeecky Saino veshmec ane erons culesieesied ss 0 6 
Shading to fawn-coloured clay with leaves .............2:0esseeeesees 0 6 
Regularly stratified yellowish and white sand alternating with 

pinkish sandy clay. (This bed is continuous for 1100 feet.)... 4 0 
SVT avo OTHE (6 mae ea is CR ee ee er oe 25 0 
Black clays, often obliquely, sometimes vertically bedded, usually con- 

cealed by débris. 


The prevailing leaves are simple and either laurel-like or willow- 
like, and frequently attached in numbers to the twigs. A large 
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pinnatifid leaf of the form of Stenocarpus is, together with a com- 
pound Acacia-like leaf, entirely confined to this patch. Other cha- 
racteristic leaves are a small oval Smilax with a thin twining stem, 
a Glyptostrobus (?), and a Lygodium. The only fossil feather yet 
found, so far as J am aware, in England was obtained in this bed. 
Another patch at the angle of the chine has only single detached 
leaves, smoothly spread between the surfaces of laminated sandy 
clay, and is characterized by the great preponderance of a large 
hornbeam-like leaf and the very large stipules and serrate leaves of, 
apparently, a willow. Nearer Poole Harbour one or two small 
patches of clay occur; yet these sometimes contain leaves quite pe- 
culiar to them. 

Unlike the rest of the cliffs eastward, the longest sections of ‘the 
clays up to this point face the sea and do not extend far in the up- 
chine sections. 

The second group extends from Sugar-loaf Chine to Watering 
Chine (fig. 1); and the cliffs are somewhat differently composed. The 
black clays are almost unrepresented ; and in their place are observed 
numerous small and always lenticular patches of light-coloured clay, 
not arranged in any horizontal series, but sometimes three or four 
overlying one another at one spot. They are either composed of 
pinkish laminated sandy clay, hard white sandy marl, or pure 
white pipe-clay. The first variety has sometimes faintly marked 
impressions of leaves, while the latter are unstratified and without 
fossils. Only one considerable patch in this group, occurring about 
100 yards to the east of the Branksome watch-tower, has yielded 
well-preserved fossils. It is 25-feet across, composed of white and 
drab and pinkish clay, overlying black sandy elay; and it contains re- 
mains of insects, flowers, leguminous pods, small detached willow-like 
leaves with smooth or serrated margins, stipules, laurel and Dios- 
pyros leaves. When leaves occur in it that are met with elsewhere on 
this coast, they are small and stunted. This lenticular patch is 
composed as follows (fig. 2) :-— 


Fig. 2.—Section of Willow-bed, East of Sugar-loaf Chine. 


—_——_ ye Z i Be Trt © hae hale Aly Fc 
UG ae ee 
Peer Sases — 22 


a. Buff quartzose sand ft. in. 
6. Coarse red irony sand with iron layer at base ...............4.. 0 4 
ce. White clay, stained slightly yellow in places, with leaves ... O 6 
d, Cinnamon-coloured clay, with leaves .........c..ccseereeeneeees 0 8 
é. Blackishiclay im layers \......0....0.ense0essdseceasecwaueanensencee 7 0 
Joi Xellowish sandy, Clay os-tie focn ve acten tee mene eeeeae od ana tetee 1 Q 
White pando idene ina ocscaseddtadeiwe ree emenamaeene mena ieee 0 12 
Coarse red "sand [i ...5...casnacceerevaWerbamctanente wa noeietss wen ten Q 4 


g. Quartzose sand to beach. 
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The lenticular patches, both of clay and sand, are frequently cut 
through their steep face to the west, and redeposited, the clays 
being rolled into small boulders and pellets (fig. 3). 


Fig. 3.—Example of Clay and Sand Beds, imbedded in loose Sands 
presenting Escarpments to the West, East of Sugar-loaf Chine. 


Under the leaf-bed just described five reefs of pyrites* are visible 
at lew water, running south-east with a W.S.W. dip.. These are 
succeeded by dark clay dipping E., about 1 in 50, in which I ob- 
served a palm trunk wm sitw and numerous spines, and a bed of hard 
lignite, from 6 inches to a foot thick, underlain by brown clay with 
roots and covered by pyrites}. Rocks of pyrites again occur opposite 
Watering Chine, although they are never quite uncovered by the 
sea; and by means of a diver I was able to trace them two miles sea- 
wards towards Alum Bay. 

In the third section of the cliffs, from Watering Chine to the ~ 
Bourne valley (fig. 1), several distinct horizons can again be traced. At 
the base there are (1) black clays, obliquely bedded, recalling those 
at the base of the fossiliferous series nearer Poole. Then, in ascend- 
ing order, interrupted and often separated from each other by sands, 
(2) black sandy clay, (3) ironstone, (4) small patches of pipe-clay 
or lightish sandy clay imbedded in sand. ‘Tracing these from bluff 
to bluff, the dark-sandy-clay (2) and the ironstone (3) horizons are 
the most distinct, and dip some 3° E.; but the pipe-clays (4) are for 
some distance only represented by an irregular line of small lumps. 
Up the chine these horizons seem to rise 4° or 5° N.W. About half- 
way towards Bournemouth the dip brings in, at first close to the top 
of the cliff, a new horizon of sandy clay (5), with indistinct leaf-im- 
pressions at the angle of Broad Chine. The lower bed of dark sandy 
clay (2) can be traced across Broad and Middle Chines, until at its 
western angle it is carried below the beach; and soon after the iron- 
stone horizon (3) also dips out of sight. The horizon can, however, 


* Many beds charged with iron or lignite, though friable in the cliffs, become 
indurated by sea-water. 

tT Since writing this description, a very extensive bed of lignite was left exposed, 
just west of Watering Chine, for a few hours by a violent easterly gale and spring 
tides. 
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be traced for several hundred yards along the beach, after easterly 
gales, and is seen to consist of several layers of ironstone, separated 
by clays and sands charged with lignitic and vegetable matter, and 
full of Teredo-bored wood. In the meantime the line of light-clay 
patches (4) becomes more defined ; and although the clays are often 
merely rolled boulders, they assume importance from the beauty and 
rarity of the fossils which even the smaller isolated fragments 
contain*. ‘These boulders indicate how many leaf-patches were 
broken up and swept away after they had become indurated. The 
upper dark-clay zone also becomes of great importance; for it contains 
well-preserved fossils in at least two places, the one being charac- 
terized by the abundance of a Myrica-like leaf, the other by a large 
pinnate palm. 

The last bluff on the west side of the Bourne, however, is by far the 
most important palzontologically. It is traversed by the upper dark- 
clay zone (5), with fossils which are comparatively not well pre- 
served ; but the light-clay patches (4) below are large and actually 
crowded with leaves. Towards the western end of the bluff the two 
horizons are widely separated by an immense wedge of indurated 
and laminated sands ; but under the Highcliff mansions they approach 
to within about a dozen feet of each other, a mass only 10 or 12 feet 
thick of orange sand and ironstone separating them. The lenticular 
clay basin below this sand appears to have been known for several 
years as a spot for collecting; and it is regrettable that some syste- 
matic care was not bestowed upon it; for its margin is now almost 
reached, and scarcely any further specimens can now be obtained. 
It was characterized by an abundance of Gleichenia, which seems to 
have grown in a marly bed still pierced by rootlets, and also by 
what appears to be a distinct conifer, a Godoya, and Jriartea, all these 
being very rarely, if ever, met with elsewhere. The cliff-section 
exactly under the flagstaff of the Coast Guard station is as follows : 


ft. in. 
Laghtto yellow sand.) ..:.scedsecsssssinnevages 100 
Black sand. .....cscieenteudiees sess oeeee eee i 
W hite sand ° ........c0ssasnengenttece Nopnes eee 5 0 
Bildekelsy | .:5...cgsgaembaeres osacaareneee am 3 0 
Wpperwonzon, Orange clay .......<:.2-.«-0d-1cen-ae+scees ee 1 0 
of clays. IBC CLAY. <. n5y ow ons seodaatnonenhsanteneaa 12 0 
Light clay with leaves ...............s0scesees 7 
Light sand with lignitic grains ............ 2.0 
Hareawhite sand. ......c.05-. 3-2): eee 2 0 


Drab-and-white mottled clayey sand, pas- 
sing fo white sand, ..Jj0.1. ssseute eee 18 
Lower horizon Although no clay is present here, there are patches 
of clays. a few yards east and west abounding in leaves. 
The rest of the cliff is composed of grits and sands containing 
ue with white sand containing lignitic matter near the sea- 
evel. 


Twelve yards further on, the mottled sandy clay contains débris of 
palms, ferns, rushes, &c. Belowthis a few yards to the east occur by far. 


* From one of these a large part of a pinna, the spathe, and fruit-stalks of a 
date-palm were obtained. 
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the richest fossil-bearing beds. The details are :—first a layer of 
quite decomposed T7eredo-bored wood ; then compact blackish clay in a 
wedge-shaped mass, 36 yards long, 10 feet thick, with a water-worn 
and uneven upper surface, laminated, highly pyritous, containing 


‘between some of its layers detached pinnules of Osmunda lignitum, 


twigs of Sequoia Couttsie, spines, a small leguminous pod, and other 
fruits or seeds*. [The leaves &c. are black and lustrous, but very 
difficult to preserve. ‘The large frond of Chrysodium, figured pl. 1. 
‘ British Eocene Flora,’ and leaves of palm are from this bed. | 

_ The black clay passes into a cinnamon-coloured clay containing 
abundant and exquisitely preserved leaves, even the commonest of 
which are as yet undetermined. 

The cinnamon clay rests upon a band of ironstone 1 foot thick, 
and this upon 5 feet of coarse angular grit; and then follows a patch 
about 1 foot thick of light drab and very tenacious clay, full of a 
small, variable and peculiar although as yet undetermined leaf, and 
of a Smilax. Below this, and separated from it by 30 inches of 
whitish and orange, more or less lignitic sand, are two beds, 4 or 5 
inches thick, of sandy clay, finely laminated and full of leaves, be- 
coming, in fact, towards the base a mere mass of decayed vegetable 
matter. The leaves contained in them are much handsomer, larger, 
and in far greater variety than those of any other of the beds. From 
this point to the pier no fossiliferous beds are exposed ; but in exca- 
vating the foundations of the club-house, which is in their direct 
line of dip, it is stated that leaves were met with. 

At 390 paces east of the pier, where the cliffs again rise, and some 


. 40 feet above high water, I find that a bed of dark clay comes in, 


underlain for about 100 yards by light-coloured sands, filled with an- 
cular blocks of clay. These blocks are mostly of small size ; but they 
contain a flora differing markedly from that of any of the lower beds 
to the west. Most abundant are fragments, and even perfect leaves, 
of a large aroideous plant, of an Araucaria and a Eucalyptus ; and it 
is remarkable that while the Araucarza especially has never been 
met with west of the pier, it is the prevailing fossil in all beds east 
of it. Hence to the next chine, 350 yards distant, the cliffs are 
almost all grit and sand, though in places near their base there is 
much Teredo-bored wood, some stems measuring 12 feet long. 
Beyond the chine the clays and sands are much mixed; and 300 
yards beyond the chine the last beds having the appearance of fresh 
water origin are seen. These are a series of thin, sharply defined 
beds of different composition, brightly coloured, overlain by black 
marine sandy clay and resting upon hard white sand. ‘They contain 
in seyeral places layers of ferns, principally those with reticulated 
venation, belonging to Polypodiwm and Acrostichum. Beyond this 


there is a mass of sands containing broken-up leaf-beds and lignitic 


matter, and then the more regular sequence of the marine series, 
The most eastern section of the freshwater series is as follows :— 


* Paleontogr. Soc. 1879, Gardner & Ettingshausen, Brit. Eocene Flora, 
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ft. in 
White sand 
Pale and dark yellow sands and whitish clay ...............08. 4 6 
Dark sandy clay with marine shells .................sceeeeeees 6 6 
Dark and bright sands )..<.752) tics ose cones dovevec -4e eee 20 O 
Stuf, black clays... ....teeaupu vosesecaeebaaas eile sade nk 1 0 
Sandy laminated clays with ferns «............c-cscnssessceseeiee 2 6 
Mottled yellow-and-white sand ...............cecseesececeeecees 3 0 
‘Eharrd swihite seid +72), Jeers cane vee eehes. ok eat a eae about 25 0 


The cliff-sections, looked at broadly, show that the prevailing ar- 
rangement of the material is seldom departed from. Interest chiefly 
centres in the clays, on account of the plant-remains they contain. 
These may be divided by their fossils into three groups—those at 
the western extremity of the section mostly characterized by the 
presence of Salix and absence of palm, the central group by abun- 
dance of palms and ferns, the eastern group by Araucarza, net-veined 
ferns, and Hucalyptus. These differences might either be due to 
changes in the physical condition of the land, brought about by lapse 
of time between the deposition of each, or to the dissimilarity of the 
stations whence the respective floras were derived, or in part to both 
causes. The western series, as we have seen, is separated from 
the central group* by more than a mile of grits and clays, which 
cannot be traced in horizons like those east and west of it. The ab- 
sence of dark clays and, indeed, of large clay patches and of distinct 
fossils, the coarseness and quantity of the sand and grit, the 
want of regularity, and the frequency with which sands and clays 
have been cut through and redeposited, seem to show that this was 
the filling-in of the former actual main channel of the river. The 
lenticular forms of the sands and clays in the face of the cliff show 
that the section must be a transverse or obliquely transverse one ; 
and the fact that the patches which have been cut through invariably 
present the steep side to the west, points to the direction of the set 
of the stream. Thus the clays in the horizons of leaf-patches, both 
east and west of that which is supposed to have been at times the 
main channel, are seen to be much smaller and more frequently 
broken up and rolled into boulders as this is approached, and to be 
larger and therefore, at the time of deposition, more free from 
violent river-action as the central channel is quitted. If this was 
really at any time the main channel and all occupied at one time, the 
river must have been more than a mile in width, and the width of its 
valley subject to floods cannot have been less than 9 miles, and was 
possibly even 16 miles. The total absence of boulders and the fineness 
of the silt show that it flowed over a comparatively flat area; and the 
absence of lignite throughout a great part of its thickness, that pro- 
bably there were lakes or catchment basins in its course to intercept 
drifting timber. Possibly the Bovey Tracey lignite basins, only 80 miles 
distant, which are undoubtedly of about the same age, may be relics 
of these. The complete absence of any material derived from flint or 
chalk shows that no chalk ranges were cut through by it; and the 
quartzose and granitic sand, and pipe-clay, that its sediment must 


* Sugar-loaf to Watering Chine. 
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have been mainly derived from an old rock area. There are no indi- 
cations of the proximity of salt water, beyond the occurrence of bored 
wood; and although this is met with in existing rivers even 300 
miles from the sea, its presence must imply that this region was 
towards the lower part of the course of the river, although little 
influenced, I believe, by tides. 

If this were admitted to be the filling-in of the main channel, the 
remainder of the cliff-section would have heen formed in a valley not 
continuously subjected te the action of running water. The clay 
patches would mark pools or slackwater creeks ; and while it is quite 


possible that those without fossils, and especially those that are not 


laminated, may have been deposited in depressions at the bottom of 
the river itself, it is certain that those with an abundance of leaves 
smoothly deposited must have been formed away from the influence 
of strong currents, and in sidings of, or pools left by, theriver. The 
clays are of all shades, from white to black, the more considerable 
masses being always dark. The pure sediments of the river and its 
sands were white; and we therefore cannot but infer that the staining- 
matter of the dark masses was iron and carbon, derived from decay- 
ing vegetation. In the case of the leaf-beds the dark clays always 
have lighter layers between them and the sands which surround them, 
and these contain the best-preserved leaves. I have seen no instance 
of the dark clays enclosing lighter layers, nor of their ever, when 
undisturbed, coming into direct contact with the sands or grits*. The 
presence of leaves in the lighter beds shows at least that vegetable 
matter reached the pools in some abundance, and their absence in the 
blacker clays that they had decomposed into staining-matter. The 
section of the beds just west of the pier presents at its base fine river- 
sand, becoming carbonaceous as the current diminished, then choked 
with the fallen leaves, and then a nearly stagnant pool. The deposi- 
tion of mud was abruptly ended by an influx of coarse grit several feet 
in depth. The same process was repeated in the second leaf-bed ; but 
the third pool was formed more suddenly ; for the clay rests immedi- 
ately on clean grit and is not discoloured, though leaf-impressions 
abound in it. It is margined, like a few other leaf-beds here, with 
a white marl penetrated by rootlets. The succeeding 5 feet of coarse 
granitic grit mark the passage of a considerable body of water, and of 
some swiftness, and the ironstone a period of stagnation. The white 
clay shows that water again trickled in, charged with enough sedi- 
ment to bury the leaves before they decayed. This passes gradually 
into the black clay, small light patches with actually skeletonized 
leaves in them (one has yielded a unique Cecropia leaf, and another a 
fern, Adiantum (Hewardia) regia) penetrating the black stagnant clay, 
which is dark with decomposed vegetation and charged with sulphide 
of iron. In some layers ferns and seeds can still be traced ; but in 
most the vegetable matter is thoroughly decayed. Layers of com- 
pact clay are separated by what are now films of carbonaceous mat- 
ter, to the number of hundreds, each layer indicating possibly only 


* Dark-clay masses sometimes contain galls of the finest pipe-clay, due, I 
believe, to segregation. 
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a year. Over this is lighter clay, as if the water again began to 
trickle in more freely ; and then once more follows the sudden change 
to grit. The reimbedded lumps of clay above show that many such 
sequences may have been broken up and swept away ; indeed it is 
more likely that a violent flood would have this action than a pre- 
servative one. 

The general dip of these strata is difficult to ascertain, owing 
to the absence of continuous beds*. It does not seem so uni- 
form as in the marine series; and I am therefore only able to 
make a rough estimate that the western flora may be, probably, at 
least 200 feet vertically below the central flora. The central flora 
and the eastern flora must be separated by at least another 100 feet 
of strata, and the fern beds at the extreme east from the latter by 
50 feet more. I should therefore estimate the total thickness of the 
freshwater beds seen in the cliff from Poole Harbour to the Meyrick 
Road in Bournemouth at not less than 400 feet. Nor is this the 
entire thickness of the group; for it seems likely, judging from the 
beds along its margin, that a mass of clay and sand, perhaps 
another 100 feet in thickness, has been denuded by the Ware in the 
formation of Poole Harbour. The clays in this lower part are in 
more extensive patches, and rarely, if ever, contain leaves, although 
unbored trunks of trees are not uncommon. They are evidently on 
a lower horizon and can be well examined in the numerous brick- 
pits which are worked into the hills encircling Poole Harbour from 
Parkestone to Upton. A well sunk at Longfleet Union Workhouset 
close to Poole, penetrated 250 feet before pipe-clay was reached ; 
but at Branksea it is much nearer the surface. 


The Flora. 


None of the prevailing types familiar to workers at Alum Bay 
are found at Bournemouth; nor are any of the well-known Bourne- 
mouth types found at Alum Bay. On the other hand, they seem to pass 
upward through the Marine series to the Hordwell and the Bembridge 
strata. They are, in many respects, identical with the types of the 
Bovey flora; and their affinities are completely with the floras as- 
cribed in France to the Oligocene. The facies of the flora seems, from 
what is at present known of it, to be chiefly Australian and tropical 
American; and its forests were so varied and rich in species, that 
they can only be compared, among existing botanical regions, to those 
of Atlantic America and Manchuria. It is difficult to reconcile the 
prevalence of distinct leaves in each separate pool, except upon the 
supposition that they fell from not far distant clumps of trees. Yet 
we have no evidence of the close proximity of forest growths, except 
occasional butts of palms imbedded in clay; and the remains must have 
been floated down, though probably from short distances, unless, in- 
deed, it can be supposed that they were thus separated by the differ- 
ent powers of flotation of the leaves. 

* The dip can sometimes be seen very clearly at low water, when the beach 


has been removed by easterly gales. 
t Proc. Geol. Soc. 1840, p. 413. 
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I have elsewhere endeavoured to show that there was a river of 
large size, bringing deposits from the westward, throughout the 
whole of our Eocenes. The Bournemouth Cliffs, I have long believed, 
present a section across its bed, and were formed during a con- 
tinued period of subsidence. The sudden changes from fine to coarse 
sediment and the thickness of the deposit cannot be explained by the 
floods and freshets incidental to changing seasons, nor by the natural 
meanderings of a river over a wide valley, but are such as would 
occur whenever subsidence exceeded, in however trifling a degree, 
the silting-up power of the river. 

A question of importance which must be'raised by the floras found 
in these Bournemouth beds when they are studied, is whether the 
ages of the continental floras similar to ours have been correctly 
determined. While all the strata that have yielded dicotyledonous 
leaves or fruits in England below the Headon series are universally 
admitted to be Eocene, scarcely any of the beds on the continent 
resembling them are ascribed to that age*. 

Yet the British Eocenes, exclusive of the Upper Eocenes, or 
Oligocenes, are known to be about 1500 feet thick, besides the great 
gaps in them, of which there is abundant evidence; and almost the 


whole of this thickness is an alternation of estuarine and fluviatile 


beds, rich in plant-remains from the highest deposit to the lowest. 

Until recently nearly every isolated patch containing a dicotyle- 
donous flora was supposed to be Miocene. ‘This was due to the ac- 
cidental circumstance of the Miocene formation of Giningen and other 
localities in Central Europe having early attracted attention and been 
described. As all Eocene floras approximate more or less to Miocene, 
it was easy. in the absence of stratigraphical evidence, to assume 
that all isolated patches with dicotyledons belonged to the latter 
period. This classification was greatly favoured by the fact that the 
Middle Eocene floras differ strikingly from the older ones, owing, it 
would seem, to the incoming of a large proportion of plants resem- 
bling existing tropical American species. The great differences seen 
between the older Kocene floras that were partially known (such as 
those of Monte Bolca, Sézanne, Sheppey, Alum Bay) and the Miocene 
floras further supported these views; and we accordingly find that 
even our own outlying patch of the Middle Bagshot series at Bovey 
Tracey is described as Miocene. In consequence of the position 
assigned to it remaining apparently undisputed, very many other 
formations containing similar floras have been placed in the Miocene; 
and had the stratigraphical evidence at Bournemouth been inconclu- 
sive, the whole of that Eocene formation must also, upon plant-evi- 
dence, have been classified as Miocene. 

In the same manner the true age of the so-called Miocene forma- 


* In 1874 Schimper enumerated the following ferns from beds containing 
dicotyledons :— 


Upper Cretaceous (principally Aix-la-Chapelle) ...............000005 46 
PPM RC MEET CN SOLAMINE)) co mia udeas tango s neat cme cecenanenk neh wcnedapeseenle 14 
ie Re re eta axe is «oa ae dias to arsine eaibissis4 Sia ose Gelato ny aids anes oi 8 
Me Mee erat hy 2), was cach nidte ema toincstet satoe seen acing odds lodc b's 19 
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tions in the Arctic regions is extremely doubtful. I have long be- 
lieved most of them to be Eocene; and this view is held by Dawson, 
Lesquereux, Saporta, Marcou, and others, all well qualified to judge. 
The plant-evidence is at present negative, in one sense ; for although 
a proportion has, apparently, been identified by Heer with those of 
the Miocene of Switzerland, the true age of part of which is itself 
doubtful, another portion is identified by Dawson and Lesquereux 
with the undoubtedly Eocene, or even older Lower Lignitic of 
America. On the other hand it appears to me that the fact of 
there being a similarity in these floras to those of the Miocene is 
against their being of that age ; for no two floras, so much alike and 
assimilating so closely to those of the present day couid have grown 
contemporaneously in such widely separated latitudes—that is, if 
they grew at the same level, as is commonly assumed. 

Apart from this, we have the following arguments in favour of 
some among the floras described being of Eocene age :—(1) the fact 
that the supposed Miocenes generally rest directly on the supposed 
Cretaceous rocks ; (2) the absence of any explanation of the immense 
gap which Heer’s grouping implies, and of which there is no strati- 
graphical evidence ; (3) the Kocene climate may have permitted the 
growth of the floras, and that of the Miocene could not ; (4) the pro- 
bability that plants must have existed in Eocene times in the area 
(for there is ample evidence that it was then land), and there being 
no marine deposits of Kocene age there; (5) the improbability that 
Eocene remains can have alone escaped observation in a series of 
apparently consecutive deposits of immense extent and thickness, 
abounding in plants, and continuous, it is supposed, from the Middle 
Cretaceous to the Miocene. 

Whether these are still called Cretaceous or Miocene, it is certain 
that in the various scattered dicotyledonous floras of Europe and 
America we have a great sequence of floras, each linked to the other 
by numerous plants contained in common, which there is the utmost 
difficulty in classifying under the existing divisions of Hocene and 
Miocene. Even the introduction of a Pal-eocene division and the 
recognition of an Oligocene formation have not lessened the difficulty. 
The Oligocene commences in England, as recently brought under our 
notice by Prof. Judd, at the base of the Headon series ; but this line, 
unfortunately, severs in twoa flora which is homogeneous, from the 
base of the Bournemouth beds to the Bembridge marls, and separates 
the lower and most important part from the congeneric and closely 
identical floras of France, which have all been placed in the Oligocene. 
Again the Lower Hocene brings together in one formation the floras 
of Bromley, Reading and Newhaven, and the almost perfectly dis- 
tinct floras of Sheppey and Alum Bay. The Miocene, so far as its 
plant-beds are concerned, embraces, according to some authors, the 
whole Middle Eocene and up to the Pliocene, while opinions still 
diverge as to what are the characters by which a Cretaceous dicotyle- 
donous flora should be recognized. 

The existing divisions of the Tertiary were based, as we all know, 
solely upon their marine Mollusca. It would be inconvenient at 
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present to alter them, even were there any chance of such a proposal 
finding favour; but I would submit, as well worthy the consideration of 
this Society, whether, as the very existence of these vast series of plant- 
remains was unknown when the present classification was established, 
the time has not almost arrived to introduce a separate classification 
for plant-remains, which the impossibility of applying the present one 
to them seems to render necessary. The classification for terrestrial 
conditions and for marine conditions may with advantage be kept 
distinct until our knowledge is sufficient to enable us to correlate them 
satisfactorily. Otherwise it may be a very long time before confusion 
ceases ; for I may venture to say that the flora at Bournemouth, which 
stratigraphical evidence of the most unequivocal description compels 
us to place at the very base of what is known as our Middle Kocene, 
would have been, if inference is permissible from their published 
work, regarded by Prof. Heer as Lower Miocene, by the Marquis of. 
Saporta as Oligocene, by Baron von Ettingshausen and Prof. Lesque- 
reux as Eocene, and, perhaps, by Prof. Newberry as Cretaceous. 
With less known, more isolated, and less distinctive floras the diver- 
gence of opinion would, doubtless, be greater. We have only to 
realize the vast difference, not only stratigraphically, but in the con- 
ditions of life upon the earth, which this discrepancy implies, to see 
the great inconvenience that must be caused to science through it. 


Discussion. 


Mr. Koc stated that the Mull beds contained leaves which very 
closely resembled some of Mr. Gardner’s drawings. 

Prof. Jupp remarked that Mr. Gardner’s researches pointed to the 
necessity for distinct classifications based on terrestrial and on 
marine forms respectively. 

Prof. Hues pointed out that in the case of some of the beds re- 
ferred to there could be no comparison such as that suggested by 
Prof. Judd, as some contained remains of plants only, and no marine 
testaceous mollusca. 

Mr. Garpyner thought that the greatest separation in the Eocene 
formation existed between the Bracklesham and Barton series rather 
than between the Barton and the later series; but he thought this 
change was a purely local one in the British area. 
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2. On the Grotocy of AnciEsEy.—No. 2. By TT. M°Kunny 
Huenss, M.A., F.G.S., Woodwardian Professor of Geology, 
Cambridge. (Read June 8, 1881.) 


In a former paper on the Geology of Anglesey, which I had the 
honour of reading before the Society on February 25th, 1880 
(Q. J. G. S. vol. xxxvi. p. 237), I endeavoured to fix the geo- 
logical position of some of the sandstones and shales which overlie 
the granitoid, gneissic, and schistose rocks of the central axis. I 
gave lists of fossils and brought forward stratigraphical evidence to 
show that we had at the base of the series a conglomerate and grit 
succeeded by sandstones containing fossils which, in the present 
state of the grouping of those variable zones, would be referred to 
Tremadoc, and that these were followed in ascending order by black 
slates and shales, in which I found one Graptolite zone, which was 
referred to a known horizon in the Arenig. 

I have since carried on this investigation, and have discovered 
other fossiliferous localities on different horizons ; and having worked 
out the details of several of the sections, I think I have established 
a sequence amongst the lowest Cambrian rocks, the constant recur- 
rence of which seems to be a strong argument in favour of its being 
the true order of succession of the beds; and, as a special point of 
interest, I can now offer conclusive evidence to prove that the quartz- 
jasper conglomerates are in the basement beds of the Cambrian, and 
not in the Pre-Cambrian series. I have had the advantage of being 
accompanied during part of two excursions by Dr. R. D. Roberts, 
and also for a few days by Mr. J. J. Harris Teall, and more recently 
have gone over the principal sections with Dr. Hicks. 

Of Mr. Tawney’s encyclopedic knowledge I have availed myself 
freely in every difficulty in the field and in the museum. 

I use Professor Sedgwick’s classification and nomenclature. 

It may not be out of place to remark here that the basement 
beds of systems have always offered difficulties and proved a fruitful 
source of controversy. If part of a continental area with mountain- 
ranges 10,000 or 20,000 or 30,000 feet high goes down tolerably 
evenly, it is obvious that, before any marine beds can be formed on 
the highest ground, the lowest may have 10,000 or 20,000 or 30,000 
feet of strata deposited over it; and the basement beds will probably 
vary considerably over any large area; yet there will be much in 
common between the shore-deposits as they creep through long ages 
up the slopes of the gzadually submerged land. Over limited areas, 
however, we may expect, with very unequal thicknesses, a somewhat 
similar sequence in the early deposits; and if the material of which 
the old land is made up is of a marked character, we may find our 
correlation not so difficult. 

That is precisely what I have to bring before the Society in this 
communication. We have the ridges of an old mountain land ex- 
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posed below the basement beds of the Cambrian ; and the question is, 
Can we make out the succession among those basement beds so clearly 
that when one or two members have varied considerably from the 
type we start with, we still, from their position and character, can 
feel sure of their identification ? 

I propose, first of all, to describe the strata seen in some of the 
more important transverse sections that I have examined, and next 
to offer a few remarks upon the lithological character of those rocks 
which more immediately come within the scope of this inquiry, and 

_of which illustrative specimens with microscope slides of some of the 

more important are exhibited*; and, lastly, to consider the paleeon- 
tological evidence, to which I have recently made some important 
additions. 

One of the clearest and most continuous sections is that seen in 
the cliff from Porth Corwg to Porthlygan on the extreme N.E. coast 
(fig. 1). The higher beds consist chiefly of black slate and flaggy 
shales with subordinate brecciated conglomerates. Of these I shall 
not say much, as I have not yet traced the base of the Silurian. At 
Trwyndu there are two ribs of felsite (2, 3 in fig. 1), and associated 
with them satiny slates, not unlike some of those in the gnarled 
series, and veined quartzose beds, all much resembling the similarly 
associated series of Paris Mountain. 

In Porthygwichiad we have black soft slates like those which in 
adjoining areas are proved by fossils to be Upper Arenig. At the 
south end of the bay there are banded sandy flags which pass down 
into the brown sandstones of Penrhynglas. At their base there is 
another mass of black slate with scattered pebbles of quartzite, &c., 
some as much as 10 inches in diameter, but mostly small. These 
black slates are seen in the little cove south of Penrhynglas to be 
faulted against the gneissic series. 

This section is drawn along the line of part of the Survey Section 
(sheet 40, section 2), and agrees with it in the general lie of the 
rocks. 

The Penrhynglas fault probably runs along the road below Rhos- 
mannerchganol. 

It is pretty clear that the black slates seen near Penrallt are 
thrown against the gneissic rocks of Nebo on the north by a fault 
which crosses the road to Tycanol south of the P in Penrallt, and 
erosses the road from Tynewydd to Tyddyn Mawr, south of the r in 
Penrallt. In fact all this district seems to be cut up by faults, as 
we might expect from what we see in Porthygwichiad, Porthlygan, 
and in Penrhynglas. In two quarries 8.H. of Nebo, the black slates 
are seen thrown against and mashed into the inequalities of the 
Cambrian sandstone and grit, which is turned up against the southern 
flank of the Nebo gneiss, just as a somewhat higher part of the 
Cambrian series was turned up on the south side of the axis below 
Llysdulas. It may be by the same fault, but I did not trace it 
out. 

In the larger quarry south of Dwyllechiad, a portion of the crushed 


* These specimens are now in the Woodwardian Museum, Cambridge. 
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shale in one place remains in beds parallel to the underlying grit, 
which is crossed by strong joints running in the same direction as 
the fault, so that it appears at first sight as if the shale were lying 
on the upturned edges of the grit. Some of this crushed mass of 
erit dips at a high angle, but not in that part of the section. The 
inference of an unconformity between the slates and gritty con- 
glomerate near Nebo seems to be founded on a misunderstanding of 
these sections. 

Crossing now to the south flank of the Porthlygan axis, we find 
that the Cambrian rocks are brought on by a tremendous fault seen 
in the cliff below Llysdulas, as shown in the section (fig. 2). We 
first have the banded flags, probably with a reversed dip; then a 
small fault throws the soft black slates of the Arenig against them. 
These, after some sharp folds, turn up again, and near a couple of 
dykes are found dipping in a northerly direction and sufficiently 
hard and compact to allow one to break lumps up in search of fossils. 
From these beds Dr. Roberts and I obtained a few Graptolites, which 
give us again our horizon and fix the beds as Arenig. These soft 
black shales are seen here and there along Traeth Dulas, and are 
succeeded near City Dulas by the banded flags with a dip of 35° 
N.N.E., while, near the lead-mines, brown sandstones apparently 
crop out from below the banded flags. 

Following the strike of the beds about 2 of a mile to the W.N.W. 
we have the banded flags near Ffrwd Fadoe, and again about 3 of a 
mile east of Tynyffordd, and now find ourselves upon the northern 
flank of the Dulas Pre-Cambrian axis. The banded flags get more 
sandy as we descend into the series, and small openings show sand- 
stone and grit, here and there, for a considerable distance. As 
they are suitable material for walling and other building, there are 
many places where they have been quarried; and being rocks 
which resist the ordinary chemical and mechanical denuding agents, 
they often project in bosses and ridges through the soil, showing 
danedd y graig (the teeth of the rock), as they say in Wales. These 
sandstones pass down into grits and conglomerates. Near Penlon 
a larger quarry than usual gave us an opportunity of examining the 
base of the Cambrian ; and, when Dr. Roberts and I visited it, the 
face of the rock had been newly cleared, just at the junction between 
the conglomerate and the Pre-Cambrian. They seemed to be un- 
conformable (as shown in the sketch, fig. 2); but of course in grits 
and conglomerates which are, from the nature of the case, very 
irregular deposits, it would not be safe to infer an unconformity 
from one small section. However, it is satisfactory to have what is 
clear from other evidence confirmed by the minor details, so far as 
they go. The conglomerate consists chiefly of white quartz pebbles 
with some quartzite and jasper and occasional fragments of schist, 
and is exactly like that seen in a similar position near Caernarvon. 

Let us now cross the country about a mile and a half to the 
W.S.W., so as to get on to the black slates again, and make another 
traverse due S. across the lower beds of the Cambrian from an ho- 
rizon determined by fossils near Caemawr, past Llanerchymedd on 
to the Pre-Cambrian near Ty’nmaen (fig. 3). 

; a2 
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The beds from Pwllgoch to Caemawr are probably Arenig (lower- 
most Bala of some). At Pwllgoch we have the ironstone so charac- 
teristic of Arenig, and at Caemawr we find Arenig Graptolites (see 

. 26). 
;: =e the dykes cross the series at Llyseinion (fig. 3), sandy beds 
begin to appear, and near Yr efail newydd predominate over the 
shales, as seen in several large quarries near the road. The low 
ground §.W. of this, by Plas Llandyfrydog, may be partly due to 
faulted broken rock ; for it is probable that for every fault I have 
detected in this turf-covered ground I have missed 10 or may be 100. 

The lowest sandstones seen pass down into the conglomerates of 
y Foel, H.N.E. of Llanerchymedd; and south of y Foel, apparently 
cropping out from below the conglomerate, there are green chloritic 
schistose rocks, weathering olive and brown, which are probably 
part of the Bangor beds (Pebidian). There is no rock exposed in 
the valley immediately south of this, where the word Llanerchymedd 
is engraved on the survey map. There is probably a fault through 
here, with a downthrow on the south repeating the Cambrian con- 
glomerates, which can be traced from nearly west of Pen cefn, through 
the cottage near the junction of the roads from Plas Coedana and 
Capel Penial, and sweeping round north of the windmill, and crossing 
the road to Llanfihangeltre’rbeirdd obliquely, are seen, east of the 
farm road leading to Tyddynbach, resting with a sharp line of junc- 
tion upon schists similar to those mentioned above as cropping out 
from below the conglomerate on y Foel (see fig. 3). Near Pen cefn 
the conglomerates pass up into fossiliferous flagey grits and sand- 
stones (see p. 25). 


Fig. 4.—Section from Mynyddmawr to Llanerchymedd and Pen cefn. 
8.W. N.E 
Mynyddmawr. Railway. Llanerchymedd. Pen cefn. 
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a. Sandstone and subordinate shale. d. Sandstone. 

b. Ashy-looking brecciated con- e. Grit with annelid-tubes. 
glomerate. f. Quartz-jasper conglomerate. 

ce. Sandstone with subordinate shale. g. Archeean. 


If we now makea traverse from near Pen cefn (mentioned above) 
S.W., about 1 mile to Mynyddmawr (see fig. 4), we leave the con- 
glomerate and grit dipping westerly, and crossing the valley that 
runs south from Llanerchymedd, find the brown sandstones in a 
quarry near the n of Cerygydrydion dipping at about 75°, still 
westerly. Near Cilgwyn, however, we find ourselves on the other 
side of what is probably a broken synclinal, and in a quarry near 
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Cilgwyn see sandstones with subordinate shaly beds dipping at 
about 30° E.N.E. In a railway-cutting and small quarry near Cae 
scynan there are some ashy-looking beds of brecciated conglomerate 
associated with thin brown sandstones and subordinate shale. 
Similar beds form a ridge in the field on the west of the railway for 
some distance to the south. There ought to be fossils in these beds: 
but we only saw one undeterminable thing, found by Mr. Teall*. 
(See p. 26.) 

Cropping out from behind these brecciated beds on the W. are the 
grits and conglomerates of the base of the Cambrian. In all this 
section the sandstones predominate over the shales. Crossing now 
to the west side of the Llecheynfarwy axis, we find the Cambrian 
rocks dipping away to the N.W., and the sequence can be clearly 
made out in several traverses. ‘The Pre-Cambrian rocks consist of 
gneiss, which is immediately succeeded by grits, often conglomeratic ; 
but there is no conglomerate scen so coarse as that on the other side 
of the axis, or on the same side of the axis further south. The grits 
pass up into fossiliferous sandstones, as seen near Bryngwallen, and 
for miles to the $.W., as indicated upon the survey map. Near the 
top of these sandstones there is sometimes, as near Penrhosrhyfel, a 
brecciated conglomerate containing small fragments of slaty and 
schistose rock. The sandstones are succeeded by black shales, in 
the lower part of which, as may be well seen along the roads by 
Carman and Geir, there are considerable beds of a brecciated con- 
glomerate similar to those noted in the corresponding position east 
of Mynyddmawr (see fig. 4). 

Thus we establish the following sequence all over the area de- 
scribed :— 

1. Black slates, some of which must be referred to Silurian, with 
subordinate ash-like beds and brecciated conglomerates. 

2. Black slates and shales with fine breccias and subordinate 
sandstones, especially in the lower part. 

3. Banded flags passing down into sandstones, with subordinate 
shales, which become more important in some localities than in others. 

4, Tough sandstones and flaggy grits, passing down into conglo- 
merate, which varies according to the character of the underlying 
rocks, but in which we almost always find some bands composed 
chiefly of white quartz with occasional fragments of jasper, quartzite, 
schist, &c., and some beds of large felsite pebbles. 

Sometimes the coarse conglomerate is at the bottom, sometimes 
the finer material forms the lower beds, and bands of coarser material 
occur higher up, as, indeed, is a common arrangement in all basement 

beds, e.g. Carboniferous, New Red, &c. 


Petrology. 


The ridge which culminates in y Foel, east of Llanerchymedd (see 
fig. 3), throws great light on the question of the identification of the 
basement beds of the Cambrian ; for here we find in succession, and 


* JT have since found specimens of Orths, probably O. Hicksii, in these beds. 
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with alternations, many of the varieties of conglomerate and grit 
which, even when occurring separately in other localities, we have 
on independent evidence referred to the same series, though differ- 
ing locally according to the character of the underlying rocks, and 
the drift of the shingle and other circumstances. 

We find here in the basement beds a coarse grit, such as is seen 
at Caernarvon, at Carreg goch, at Llanddeiniolen, at Bangor, on the 
coast east of Amlwch, and at Penlon. We have here also with the 
grit a quartz-jasper conglomerate, just like that seen N.E. of Twt 
Hill, west of Llanfaelog, and at Penlon. There is also, associated 
with this conglomerate and grit, a coarse mixed conglomerate made 
up of pebbles of quartzite, schist, rarely felsite, and various other 
Pre-Cambrian rocks, and approaching more closely the Bangor type 
of the Cambrian basement beds. 

Felsites are not largely developed in the Pre-Cambrian of Anglesey, 
so that pebbles of that rock cannot be expected to form a large part 
of the overlying conglomerate, as they do from Llanddeiniolen to 
Bangor, where the Cambrian rocks occur on, or not far from, enor- 
mous masses of felsite. 

The base of the Cambrian, near Llanerchymedd, rests on a green 
chloritic felspathic mudstone, often compact and hornstony, weather- 
- ing olive and yellow. The character of the rock may be examined 
in the quarry at the junction of the two roads near the windmill. 
It is more blue where not weathered, with bands of lighter blue or 
apple-green, often showing small faults, and exactly resembling some 
of the banded slates of Brynian Bangor. 

The microscope does not add much to our knowledge of it on the 
point under consideration (see Woodwardian Museum slide 248), as 
the fragments of this rock in the overlying series are obvious and 
unmistakable. 

One large pebble of felsitic rock is exhibited, which I procured 
from the Cambrian conglomerate east of the windmill, and which 
must haye drifted some distance ; it resembles exactly a rock com- 
mon among the pebbles of the Cambrian basement bed of Bangor. 

Just beyond the depression which crosses the hill south of Pen- 
cefn, the granitoid series comes on. I have not observed any thing 
that could be referred to the Dinorwig beds (Felsitic series) in this 
area. The granitoid rocks are somewhat finer than that seen on 
Twt Hill or in the heart of the Llanfaelog axis. 

About 3 miles N.N.W. of Llanerchymedd the granitoid rocks turn 
up again. They here consist of quartz, felspar, and often mica, are 
sometimes platy and schistose, and contain subordinate greenish 
chloritic schistose rocks and perhaps altered dykes. The Cambrian 
conglomerate is here composed chiefly of quartz with some fragments 
of jasper, mica-schists, Lydian stone, &c., and much resembles the 
conglomerate in the quarry between Ys cuborwen and Tygwyn, N.E. 
of Twt Hill (see Q. J. G.S. vol. xxxv. p. 691, f. 10), where the 
granitoid rock crops out immediately behind the conglomerate, 
though the actual junction is not seen. In microscopic structure 
also the Cambrian conglomerate from these two localities agrees in- 
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timately ; while for comparison with the finer and more compact 
quartz-conglomerate of the Field quarry, Twt Hill (Q.J.G.S. 
vol. xxxv. Nov. 1879, p. 683, f. 2), I rather refer to a quartz-con- 
glomerate much higher up in the Cambrian, which occurs on the 
shore 8.W. of Garth Point, Bangor, near where the great cloaca 
opens on the Straits (Woodwardian Museum slide 217). S.W. of 
Llanerchymedd, near Bryngwallen, the Pre-Cambrian rocks consist 
of a variable gneissic series, and the Cambrian basement beds are 
finer and composed chiefly of quartz. They can be well studied in 
a quarry in the field, on the north side of the road, below the g of 
Bryngwallen, while the gneiss is exposed along the road, and in one 
place a quarry is opened in it. 

In the quarry on the north of the road the Cambrian conglomerate 
is thin and irregular. It resembles much the conglomerate of Twt 
Hill, both in the mass and under the microscope (see W. M. slides 
Nos. 214, 215). It is seen to pass into an altered and veiny grit, 
portions of which are crushed; but in the weathered portions there 
are traces of fossils. ‘The slice exhibited (W. M. slide 215) is cut 
across the cast of an Orthis. 

The sandstones and grits of the Cambrian of this district show 
nothing peculiar in their composition, and do not differ much from 
one another, except in the amount of felspathic matter in the matrix. 
Even where the fragments are not large enough to be seen with the 
naked eye, the presence of any considerable quantity can generally 
be detected at once in the field by the dull yellow of the weathered 
portions and the manner in which the whole mass of rock breaks up 
and yields to atmospheric agencies. 

Where they are composed entirely of quartz and have been much 
crushed, and veining has supervened, we have, of course, every stage 
from sandstone or grit to white quartz. Examples of this may be 
seen in the three specimens exhibited from the same mass at Bryn- 
gwallen: (19) is much crushed; (20) is compact, uncrushed, and 
not weathered; (21 and corresponding slides, Nos. 214, 215, and 
222) is weathered and contains fossils. 

As to the shales there is no question, and therefore I need not 
refer to them under this head. 

The brecciated conglomerates vary considerably in the upper part 
of the black shales; they are often very coarse. Their ash-like ap- 
pearance is often increased by the rust-lined cavities from which 
bits of earthy iron-ore or pyrites have perished under the action of 
weathering. The scattered fragments in the highest rocks of this 
character seen in Porth Corwg consist of limestone, quartzite, grit, 
purplish, black, and grey slate, quartz, &c. ; lower down, the slaty 
fragments predominate. 

In the brecciated beds near the base of the shales, on both sides of 
the Llecheynfarwy axis, 8.W. of Llanerchymedd, the fragments are 
notso much scattered through the mass, but form a compact breccia 
of small pieces, chiefly of slate. 

In the Bangor-Caernarvon district the drifting of the shingle which 
formed the shore-deposits of the Cambrian sea was from 8.W. to 
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N.E.; and so, as we have the granitoid rocks at the 8.W. end only, 
we find the basement bed there is either a kind of arkose or chiefly 
composed of quartz with a few pieces of mica-schist and jasper. As 
we follow it 4 or 5 miles to the N.E., the quartz has got pounded 
into small grains, giving the grit of Carreg goch and Llanddeiniolen, 
where the grit contains much felspathic material and is overlain by a 
coarse conglomerate of pebbles of the felsite which here formed the 
shore; and further on, towards Bangor, fragments of the still higher 
Bangor volcanic series helped to make up the Cambrian shingle-beach. 

Fragments of vein-quartz and quartzite from the Pre-Cambrian 
occur scattered through the basement beds everywhere ; but the grit 
is perhaps derived largely from the imperfect crystals of the 
Dimetian. 

On the N.W. side of the Anglesey central axis, which consists of 
various gneissic rocks (Dimetian in part) and a feispathic mudstone 
(Pebidian), the Cambrian basement bed varies accordingly, and is 
generally more quartzose. Near Penlon, where it rests on quartz- 
felspar rock, it consists chiefly of quartz, and exactly resembles the 
Twt-Hill conglomerate. Near Llanerchymedd, where there is a mass 
of greenish schistose rock succeeding the Dimetian, the Cambrian 
basement bed contains a large quantity of fragments of that rock, 
certain bands being chiefly composed of it. Near Bryngwallen, 
where the underlying Archean consists of gneissic rocks, the Cam- 
brian basement beds are made up of grit and quartz conglomerate 
in lithological character exactly like that of Twt Hill, but here 
fortunately fossiliferous. 

If we follow the basement beds to the 8.W. we find a much 
greater mixture of rocks in the conglomerate, until among the bosses 
of rock in the sand dunes north of Cymmeran Bay we see evidence 
of the existence of newer Pre-Cambrian beds than are now exposed 
anywhere in that neighbourhood. 

Thus along the N.W. flank of the Anglesey Pre-Cambrian axis 
we have the same variation in the lithological character of the 
Cambrian basement beds as we have along the S.E. flank of the 
Bangor-Caernarvon axis; here a fine quartz conglomerate or grit, 
and there a coarse shingle, composed of large pebbles of felspathic 
rocks and rough quartzite according to drift of the shore-currents 
and the material of the older rocks from which each particular part 
of the conglomerate was derived. 


Paleontology. 


The lowest horizon at which I have yet found fossils in Anglesey 
is In the flaggy grit associated with the basement conglomerate near 
Pen cefn south of Llanerchymedd. From these beds I have pro- 
cured slabs with obscure fucoidal markings and very distinct An- 
nelid tracks nearly a foot in length. 

Further to the 8.W., near Bryngwallen, in beds immediately suc- 
ceeding the conglomerate, the Orthis, mentioned in my previous 
paper (Q. J. G. 8. vol. xxxvi. p. 238, May 1880), first appears. I 
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referred it to O. Carausii, an Arenig or Tremadoc fossil; but as I 
think I can show that O. Carausii and O. Hickswi are the same species, 
under the latter name we have it recorded from the Menevian. 

These species both belong to the 0.-Actonie group, differing from 
the O.-calligramma group in the relative shallowness of the dorsal 
valve, being almost plano-convex, and from the O.-flabellulum type 
m having the ventral valve the more convex. It will be observed 
from the descriptions in Davidson that the two species agree in every 
particular till we come to the absolute size, the relative length and 
width, and the number and arrangement of the ribs. From the 
specimens exhibited it will be seen that the relation of length to 
width is not constant, that the size is a question of age, and also 
that, in respect of the number and arrangement of ribs, every inter- 
mediate form between O. Hicksit and O. Carausti is represented in 
the specimens procured from one and the same bed in Anglesey ; 
therefore we must put this down as an early form of Orthis follow- 
ing the receding shore in Cambrian times through the long ages 
that elapsed between the deposition of the rocks known as Menevian 
and that of the beds called Arenig. 

The Neseuretus previously recorded (Q. J. G. 8. vol. xxxvi., May 
1880, p. 238) is probably from a slightly higher horizon, about 
2 miles to the 8.W., where the Orthis also is abundant. 

In some ash-like beds at the base of the black shales east of 
Mynyddmawr, near Llanerchymedd, a curious fossil was found by 
Mr. Teall. It looks like a Conularia, around which there was some- 
thing of a nodular form which has perished, leaving only a large 
cavity showing no markings on the outside. The quadrangular 
central portion is furrowed longitudinally and, especially near the 
thicker end, shows a cross platy arrangement. This last feature is 
probably, as it stands, due to mineralization, but, it may be, following 
organic structure. The form of the whole fossil certainly suggests 
an organic origin*. 

In a quarry by Caemawr, 13 mile north of Llanerchymedd (see 
fig. 3), there is a black shale in which Graptolites are tolerably 
abundant along certain bands. 

The forms which Dr. Roberts and I found are all referred by Pro- 
fessor Lapworth to 

Didymograptus Murchisoni, Beck. 

In the black slates tangled among the dykes on the N.E. coast, 
S.E. of Llysdulas, we found a few Graptolites, which are, according 
to Professor Lapworth, 

1. Climacograptus ceelatus, Lapw. 
2. C. bicornis?, Hall. 
3. C. —?, sp. nov. 

The last two are not sufficiently well preserved to allow of certain 
determination; and Professor Lapworth says that No. 2 may be 
C. celatus, and No. 3 may be only a stem of Dicranograptus, sp. 

It is worth observing that whereas dykes usually interfere with 
the fossil-collector, in Anglesey they often help ; for the black slates 


* See p. 22, footnote. 
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and shales are so rotten that it is almost impossible to examine them 
except where a little baked and caked by the metamorphic action. 
_ I take it that the Graptolite-bearing beds of Caemawr and Llys- 
dulas, and those of Llangwyllog, described in my former paper, all 
belong to the same series and are of about the same age as the beds 
of Pontseiont, south of Caernarvon, described by Mr. Marr (Q. J.G.8. 
vol. xxxil. p. 134), and as the beds in the south arm of Abereiddy 
Bay, and that we had better call them all Arenig for the present. 

The highest horizon in the black slates from which I have pro- 
cured any fossils is in the black slates between the two great felsite 
Tibs in the Mona mines of Paris Mountain, where, after we had 
searched for some time and found only a few obscure traces, Mr. 
Fanning Evans, whose kind assistance I take this opportunity of 
acknowledging, had the good luck to pick up a slab which has yielded 
no less than eight species, viz. :— 

Rastrites (Monograptus) triangulatus, Harkn. 
Monograptus gregarius, Lapw. 

attenuatus, Hoph. 
Diplograptus tamariscus, Wich. 
acuminatus, Mich. 
modestus, Lapw. 
Climacograptus rectangularis, M‘Coy. 
normalis, Lapw. 


Professor Lapworth, who determined these for me, considers that 
they indicate an horizon equivalent to the M. gregarius zone of the 
Birkhill shales or the lowest zone of the Graptolitic mudstone of 
the Lake District, 2. e. distinctly Silurian. 

It would appear therefore that we have in Anglesey :— 

1. An upper slate group, in which I have fixed two life-zones, 
which must be referred to the Silurian, of the boundaries and sub- 
divisions of which I hope hereafter to offer the Society further de- 
tails. 

2. A lower group of slates and shales in which Arenig fossils have 
been found in several localities, and in which, after correcting the 
determination of a species of Orthis, we have reason to suspect that 
Tremadoc and even Menevian beds may be recognized ; and below 
these are 

3. The basement beds of the Cambrian, consisting of conglome- 
rates, grits, and sandstones, of which this paper chiefly treats. 

Speaking generally on the correlation of the beds, I think we 
have in this Anglesey section an approach to the Scandinavian type; 
in both there is a thinning out of the lower groups (the Harlech, 
Meneyian, and Lingula Flags) against an old shore-line; but certain 
forms of life which, when the older rocks are well developed, have 
not been found so low down, here occur near the bottom of the local 
series. A conglomerate passing up into fucoidal sandstone forms 
our base ; but above that the first life-zone is represented as yet by 
only two species, of one of which, the Trilobite, only a fragment of 
one individual has yet been found, while the other I have shown 
above is a doubtful species. The next two life-zones are both 
Arenig. Above this nothing is clear till we reach the Silurian. 
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Discussion. 


Dr. Rozerts drew attention to the fact that in Anglesey the base- 
ment conglomerate was composed of quartz pebbles, while in the 
Bangor district it consisted of felsite pebbles. The Twt-Hill conglo- 
merate at Caernarvon exactly resembles that in Anglesey, and, like 
it, rests on the granitoid axis. If the Anglesey conglomerate was 
the Cambrian conglomerate, it was extremely probable that the Twt- 
Hill conglomerate was of the same age. 

Dr. Hicks agreed with Prof. Hughes in regarding the rocks re- 
ferred to in Anglesey as forming the base of the Cambrian, and as 
being entirely distinct from the Pre-Cambrian. The pebbles and 
matrix of the conglomerates varied with the rocks upon which they 
reposed, and from which they must have been chiefly derived. The 
mistake made in associating them with the Pre-Cambrian was due 
to a want of the recognition of this fact. He had examined these 
sections and also the one at Twt Hill recently, and he believed that 
the interpretations given by Prof. Hughes and Dr. Roberts were 
correct. 
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3. On some NEW or LITTLE-KNowN JuRassic Crinorps. By P. Her- 
BERT CARPENTER, Esq., M.A., Assistant-Master at Eton College. 
(Read December 7, 1881.) 


[Puate I.] 


I. Tue Lanspown ENcRINITE. 


Mitiericrinvs Prati, Gray, sp. 


1828. Encrimtes (Aprocrinites) Prati, Gray, Phil. Mag. vol. iv. 
pe 209: 

1833. The Lansdown Encrimite, Jelly, Bath and Bristol Mag. vol. ii. 
p. 36. 

1833. Apiocrinites obconicus, Goldfuss, Petref. Germ. Band i. 
p. 187, Taf. lvil. fig. 5. 

1834. Aprocrinus obconicus, Fischer, Bibl. Paleont. Anim. p. 319. 

1840. Millericrinus obconicus, D’Orbigny, Hist. Nat. des Crinoides 
vivans et fossiles, p. 80, pl. xiv. figs. 23-28. 

1848. Millericrinus Pratti, Bronn, Index Paleontol. p. 729. 

1854. Apiocrinus Prattw, Morris, Cat. Brit. Foss. 2nd ed. p. 72. 


The fine collection of Oolitic fossils which was made by the late 
Mr. William Walton, of Bath, and was purchased some years ago by 
the University of Cambridge, contains a very remarkable series of 
specimens of a Crinoid from the Great Oolite of Lansdown, a well- 
known hill at Bath. Its occurrence seems to have been first 
recorded (though not first noted) in the year 1828 by the late 
Dr. J. E. Gray*, who made a curious error with regard to its 
geological horizon, stating it to have been found in the Lias. He 
named the type Apiocrinites Prattii, and described ‘it as inter- 
mediate in character between the A. URES and A. rotundus of 
Miller. 

Some years after the publication (1821) of the well-known work 
on Crinoids by the last-named author, some specimens of this species 
were shown to him by the Rey. H. Jelly, who states that Miller “ was 
unable to satisfy his own mind as to their true nature and history.” 
In the year 1833 a semipopular illustrated account of these fossils 
was published by Mr. Jellyt, and about the same time they were 
redescribed by Goldfusst, with the aid of some excellent figures, 
under the name of A. obconicus. He had, however, a smaller series 
of specimens than those at Jelly’s disposal, some of which now form 


* “Description of a new kind of Pear-Encrinite found in England,” Phil. 
Mag. vol. iv. pp. 219, 220. 

t “The Lansdown Encrinite,’ Bath and Bristol Mag. no. 5, vol. ii. January 
1833, pp. 36-47. 

t Petref. Germ. Bd. i. p. 187, Taf. Ivii. fig. 5. 
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part of the Walton collection; and the great peculiarity of the 
type, viz. the very variable length of the stem, which had been pre- 
viously noted by Jelly, did not attract his attention. But he 
pointed out that the remarkable shortness of the stem, of which he 
gave a good figure, is a character which sharply distinguishes this 
species from the other Apzocrinites. 

Both Jelly and Goldfuss drew attention to what they regarded as 
pores in the calyx, one being situated immediately beneath the 
centre of each first radial (Pl. I. figs. 138, 21). They spoke of 
them as similar to the pores described by Miller in Apzocrinus 
rotundus; and the first-mentioned writer pointed out that “ they 
are generally closed with a small plate or plug, as it were.” The 
same peculiarity was noted by D’Orbigny*, who transferred this 
type amongst others to his new genus Millericrinus, but retained 
for it Goldfuss’s specific name, obconicus. According to him, “ Par 
sa forme conique, par Virrégularité de ses piéces basales, par le pore 
ou la piece accessoire de celles-ci, le MW. obconicus se distingue nette- 
ment des autres especes; il différe encore par son sommet, auquel 
participent plusieurs articles de la tige.” D’Orbigny, like Goldfuss, 
received specimens from Miller, some of which he figured; but they 
were not sufficiently varied in character for him to detect the most 
striking peculiarity of the type. 

In Bronn’s ‘Index Paleontologicus,’ Gray’s specific name is 
appended to D’Orbigny’s genus; but a few years later the name 
Apiocrinus reappears in Prof. Morris’ ‘ Catalogue of British Fossils.’ 
In no publication of a later date than this have I been able to find 
any mention of the type. It does not appear in any lists of Great 
Oolite fossils with which I am acquainted, and seems to be somewhat 
of a rarity, as but little quarrying is now done on Lansdown; and 
I was informed by the late Mr. Charles Moore, F.G.S., that he had 
met with no traces of the fossil during forty years of collecting in that 
neighbourhood. There are, however, a few good specimens in other 
collections than that made by Mr. Walton, ¢. g. in that of Dr. T, 
Wright, F.R.S.; and I learn from my friend Prof. Sollas that there 
are some fine slabs in the Bristol Museum from the Lansdown 
quarries, which contain the remains of several individuals and bear 
the MS. name Gnathocrinus fusiformis, Austin. 'The national col- 
lection at South Kensington also contains a few examples of this type, 
including the original of Gray’s description of it. 

In many cases these Millericrinus remains are closely intermingled 
with those of a fine Pentacrinus, as on the slab mentioned by 
Mr. Jelly. They may at once be distinguished by their ten simple 
arms, those of the Pentacrinus forking once or oftener. 

The series in the Walton collection is not distinguished by the 
presence of any especially well-preserved specimen with long arms 
and pinnules, such as one frequently meets with among the Penta- 
crinites ; but it is of unusual interest to the morphological paleonto- 
logist, as it contains so many individuals presenting remarkable 


* ‘Hist. Nat. des Crinoides vivans et fossiles,’ Paris, 1840, p. 80, pl. xiv. 
figs. 23-28. \ : 
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structural peculiarities, and I feel proportionately grateful to Prof, 
Hughes for his kindness in entrusting it to me for description. 


1. The Stem. 


a. Variation in rts length and in the number of its component joints. 


The longest stem which I have met with in any individual is that 
represented in Pl. I. fig. 14. It is rather more than 50 mm, 
in length, and consists of about 70 joints of a discoidal shape with 
denticulated edges. They are all of about the same height, a few 
here and there being slightly thinner than the rest. The ‘uppermost 
one is but little thicker than those below it, and is of the same shape 
as in all Apiocrinide, its ventral surface being divided into hollows 
for the reception of the basals by five prominent radial ridges. 
This is indicated on the outside of the calyx by the upper edge of 
the top stem-joint presenting an alternation of elevations and depres- 
sions. The former, radial in position, are the ends of the ridges, 
while the latter mark the synosteal surfaces for the attachment of 
the basals (Pl. I. fig. 12). The stem tapers gradually to about 
the 30th joint from the top, below which it is tolerably uniform. 
Its lower end is unfortunately broken away, but the lowest portion 


. of what remains seems to be covered with a kind of incrustation 


that obscures the lines of suture of the last six or eight joints. 

A very different stem is represented in Pl. I. fig. 6. It is little 
more than half as long (27 mm.) as that just described, but has 
nearly as many (about 60) joints. It is broken below, but the 
lowest part remaining shows a slight tendency to a beaded appear- 
ance; for it consists of about 25 narrow but thick joints, which 
increase very slightly in width from below upwards, and together 
make up more than half of the whole length of the stem. The 
joints immediately above these begin rather suddenly to decrease in 
thickness, but at the same time increase in width, so that the upper 
part of the stem tapers rather rapidly from above downwards. The 
uppermost joints are very short and closely set, and that just under 
the calyx is of the usual shape, the radial ridges being a trifle larger 
than in the last-mentioned specimen. 

Another individual (Pl. I. fig. 8) has a stem 25 mm. long, 
and generally similar to that shown in fig. 6, though somewhat 
different in details. It consists of about 50 joints, the uppermost 
of which are the thickest, while the rest decrease rather rapidly from 
above downwards; but in the lower part of the stem the joints 
again increase in thickness as if it were going to become beaded. 
The last ones, however, seem to have fused into an irregular slightly 
swollen mass, on which their sutures are somewhat obscured. The 
same peculiarity is visible in the stem-fragment represented in 
Pl. I. fig. 5, which is not only swollen but seems to have a branch 
(root ?) proceeding from it as in some Apzocrinus-stems. 

In another case (PI. I. fig. 7) the stem, which measures 23 mm. 
in length, tapers downwards rather rapidly at first, but afterwards 
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more slowly. Except for some irregularities to be noticed hereafter, 
all the joints to just above the lower end are wide and tolerably 
thick disks. The last two are so closely united that the suture 
between them is scarcely visible; and the under surface of the 
lowest joint is rounded off without any trace of striations, while its 
central opening, which is at the bottom of a shallow pit, is closed up. 
Whether it was open or not throughout life must of course remain 
uncertain, just as in the case of Comatule with more or less marked 
pits on the lower surface of the centrodorsal. The same remark 
applies to two other stems (Pl. I. figs. 11, 12). One is 17 mm. 
long, and consists of about 16 rather thick joints, the lowest of 
which is rounded off, while the other is but 10 mm. long and is 
composed of 15 joints. In another specimen, on the other hand, the 
stem, though containing 20 joints, isonly 8 mm. long. Other instances 
are (1) stem of 9 joints, 83 mm. long; (2) stem of 7 joints, 64 mm. 
long (PI. I. fig. 1), both of them rounded off below. 

The next specimen to be considered (Pl. I. fig. 18) is one with 
a short conical stem, 4 mm. in length and composed of 5 joints, the 
lowest of which is quite small and rounded off without any trace of 
a central perforation. This leads us to a couple of individuals 
(Pl. I. figs. 2, 23) that might readily be mistaken for cirrhus- 
less Comatule, all that represents the stem being a couple of 
flattened joints situated beneath the basals and closing in the calyx 
below. Fig. 18 shows that even one of these may be absent, the 
basals resting on a slightly convex pentagonal plate without any 
central perforation. It is very interesting to compare this figure 
with fig. 22, which represents the concave striated facet on the 
under surface of the top stem-jomt of a stalked individual. The 
two or three joints immediately below the uppermost one present 
differences of a similar kind, according as they belong to individuals 
with quite short or with longer stems. In the former case (Pl. I. 
figs. 3,17, 206) their under surface is concave, perforate, and 
striated ; but if they be the lowest joints of the short stems (PI. I. 
figs. 2, 4, 13, 23) they are imperforate, rounded off below, and 
exhibit no indications of striation. 

Here, then, within the limits of what is obviously but a single 
species, we meet with a most remarkable series of transitions from 
the pedunculate to the free mode of existence. But the difference 
between the two is of less physiological importance than it was 
formerly considered to be. For some Pentacrinus-species, although 
stalked and attached when young, seem when mature to be 
practically free in their mode of life, while others are fixed by a 
slightly spreading base*. Such a “free ” Pentacrinus is P. Wyville- 
Thomsoniy, and, according to de Loriolt, the fossil P. briareus and 
its allies led a similar independent existence; but in both these 
cases the portion of stem which remains in connexion with the 


* Bull. Mus. Comp. Zool. vol. v. no. 14, p. 296. 
Tt The Depths of the Sea, p. 444. 
t Notice sur le Pentacrinus de Sennecey-le-Grand, Chalon-sur-Saone, 1878, 


p. 12. 
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calyx retains its cirrhi. In the Lansdown Encrinite, however, there 
are none of these organs upon the stem ; and the evidence as to the 
presence of a root is very incomplete. The short-stemmed forms 
(Pl. I. figs. 2, 4, 10-13, 23), at any rate, must have been more 
“free” than most Comatule, though they find a parallel among 
those species, such as Actinometra Jukesti, in which the cirrhi 
entirely disappear from the centrodorsal when maturity is 
reached*. 

There are other types among the Pelmatozoa which, although 
stalked, seem to have been practically free in their mode of life, 
e.g. Woodocrinus, Glyptocystites, and some (all ?) species of Pentre- 
mates. In all of these the stem tapers downwards to a point and bears 
few or no cirrhi. Hence the distinction between the stalked types 
and those which merely retain the top stem-joint, though of consi- 
derable morphological importance, does not necessarily involve corre- 
sponding physiological differences. 


b. The intercalated Stem-joints. 


Several individuals (Pl. I. figs. 1, 7,10) have small incomplete 
lenticular joints intercalated among the larger stem-joints. This 
peculiarity has been noted by de Loriol in other species of Milleri- 
crinus and also of Apiocrinus, some of which he has figured?. The 
lenticular joints were regarded by him, rightly, as I believe, as new 
joints in process of formation. Quenstedt+, however, who has met 
with the same peculiarity in Pentacrinus, speaks of it as a “kleine 
Missbildung.” The peculiarities of the sixth and subjacent joints of 
the individual represented in fig. 7 seem to represent the later 
stages of this intercalation of new joints. 


e. The top Stem-joint. 


It has been already mentioned that the top stem-joint is some- 
what variable in its appearance. It is sometimes relatively thick 
and almost uniformly so all round (PI. I. figs. 1, 3, 4, 13); while 
it is sometimes comparatively thin immediately beneath the basals, 
with a strong ascending process between the lower angles of every 
pair (figs. 6-8, 10,12). Judging from what is shown in the 
original of fig. 21, I cannot help suspecting that the appearance of 
large upper stem-joints may sometimes be a secondary condition. 
On one side of this specimen two large stem-joints are visible just : 
below the basals; but they are broken away on the other side, and 
it then becomes manifest that they enclose a central core of much 
thinner and narrower joints, which seem to extend upwards to the 
basals and to have been continuous with those lower down the stem. 
There appears therefore to have been a secondary deposit of lime- 


* Proc. Roy. Soc. 1879, no. 194, p. 390. 
T “ Monographie des Crinoides fossiles de la Suisse,” Mém. de la Soe. Pal. 


Suisse, 1877-79, pp. 40, 42, 82, 94, pl. v. fig. 9, pl. vi. fig. 7, pl. vii. fig. 2, pl. xi. 


fig. 21, pl. xii. fig. 27. 


t ‘Petrefactenkunde Deutschlands, Bd. iv., Asteriden und Encriniden, 
p- 247, Taf. 98. fig. 118, Taf. 99. fig. 44. 


Q.J.G.S. No. 149. D 
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stone outside the upper stem-joints, which divided up into segments 
not corresponding with those enclosed by it. 

On the other hand, the appearance of some individuals would 
lead one to suppose that the uniformity and relative thickness of the 
top stem-joint are the signs of its age, and that this condition may 
be replaced by one in which this joint is thinner and unequally 
developed, the change being due to the intercalation of a new joint 
immediately beneath the basals. At any rate that is the manner in 
which I should interpret the peculiarities of the specimens shown in 
figs. 11,17, & 206. Judging from the two former only, one would 
almost say that this was a type with a dicyclic base like Hncrinus ; 
but the latter shows that the apparent underbasals are really the 
disconnected portions of a new top stem-joint. 


2. The Basals. 


The basals are pentagonal plates with tolerably open upper angles, 
and not quite twice as wide as they are high. As a general rule 
they form a closed circlet, completely separating the radials from 
the top stem-joint (Pl, I. figs. 1,46, 6-8,10, 14). The under- 
surface of this basal circlet is deeply concave, and marked with very 
distinct radiating striz around its margin (fig. 16). There are, 
however, many and various irregularities in the structure of the 
base. Thus in one individual three of the basals on one side of the 
calyx are of the ordinary character; but on the other side one of 
the radials is greatly developed and is in contact with the top stem- 
joint for nearly the whole of its width, while the radial next it is also 
larger than usual, so that the two basals beneath them meet neither 
one another nor their fellows. 

Instead of the basals being in complete contact with one another 
all round, they are sometimes separated more or less completely by 
small irregular intermediate plates (Pl. I. figs. 3, 23), while 
between them and the radials the supposed “ ovarial openings ” are 
sometimes visible, as already mentioned. These were first noticed in 
Apiocrinus rotundus by Miller*, who speaks of ‘‘ more or less elevated 
tubercles haying a central perforation, which, in one instance, I have 
traced to pass through the joint of the pelvis into the space between 
it and the costal joints, extending perhaps thence into the funnel- 
shaped [visceral] cavity. This has suggested to rhe the idea that it 
might have led to an ovary haying five ducts, somewhat similar to 
that of the Hchinus.” According to Jelly, these openings are fre- 
quently almost imperceptible in Ap. rotundus, “ whereas in this 
fossil [. Pratt] they occupy a very considerable place in its ex- 
ternal configuration. Besides this, they are, almost without excep- 
tion, closed with a small plate or plug, as it were; and this is 
sometimes, though rarely, punctured in the centre.” Goldfuss + 
speaks of finding between the radials of one individual “einen Kanal, 
der zur Leibeshohlung fuhrt ;” while, according to d’Orbigny §, the 

* A Natural History of the Crinoidea, p. 31. 
+ Loe, cit. p. 9 of separate copy. 
£ Op, cit. p. 187. § Op, cit. p. 80. 
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basals are “ toujours pourvues a leur angle latéral supérieur, ou d’un 


pore trés marqué, ou d’une petite picce ronde ou irréguliére; angle 


supérieur plus ou moins ouvert suivant les individus, ou méme sur 
les pieces d'un méme sommet, partie inférieure droite ou arquée, 
partie latérale échancrée par le pore ou la petite piéce.” 

Many specimens, it is true, have a deepish pit in the middle of 
the lower edge of each radial (Pl. I. fig. 17); but this is fre- 
quently absent altogether (fig. 46), and when present certainly 


- does not lead into the interior of the calyx. It is not unfrequently 


occupied by a small plate or tubercle, which may or may not be in 
contact below with one of the accessory basal pieces (fig. 13). In 
none of the specimens that I have seen has this plate any central 
pit, such as was described by Miller and Jelly. I can form no idea as 
to the meaning of these accessory plates: they are evidently 
without any morphological importance, or they would be more con- 
stant in their occurrence. 


3. The Radials. 


As in the other Neocrinoidea there are usually three radials in 
M. Prattii, the last of which is an axillary. But in two specimens 
in the Walton collection the number is increased to four. In one 
case the lowest of the four is much smaller than the other first 
radials; but in the individual which has two rays of four joints 
each, the two lowest, or first and second radials, are of the usual 
size, and a short but wide joint is intercalated beneath each of the 
axillaries (fig. 23). 

The general aspect of the calyx when viewed either from the side 
or from above (PI. I. figs. 11, 17, 20, 21), is exceedingly penta- 
crinoid, the articular faces of the radials sloping more steeply and 
being better developed than they are in most species of Millericrinus. 
They are trapezoidal in shape, somewhat wider than high, and 
crossed, rather below the middle, by a strong articular ridge. 
Immediately beneath the centre of this ridge, which expands con- 
siderably around the opening of the axial canal, is a deep pit for the 
insertion of the dorsal elastic ligament. The muscle-plates are large 
and well marked, and are separated by a rather wide notch; they 
are bounded below by slight horizontal ridges which divide the 
muscular fossee from those for the insertion of the interarticular 
ligaments. 

The distal faces of the second radials are very different from those 
of the first, as is the case in most of the Neocrinoidea. The union 
between them and their successors is effected merely by ligaments, 
without the intervention of the muscles which take part in most of 
the articulations between the successive arm-joints. There is a 
strong articular ridge (Pl. I. fig. 15) which is pierced by the 
opening of the central canal, and decreases in width from above 
downwards. On either side of it is a deep fossa which lodged the 
interarticular ligament. There was therefore no possibility of any 
thing but a lateral movement between these two joints. The pecu- 
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liarity of this mode of articulation was first noticed by J. Miiller*, 
who described it as occurring in Pentacrinus cuput-Meduse and in 
the Comatule, and remarked that it had been previously figured by 
Goldfuss in P. briareus; while he gave the name ‘“‘syzyzy ” to an 
immovable sutural union of two joints such as occurs between the 
original third and fourth brachials of most Comatule. These 
become ultimately united into one double joint, the outer half of 


which bears a pinnule ; and similar syzyzial unions occur at longer 


or shorter intervals throughout the whole length of the arms.’ 


De Loriol* has somewhat unfortunately employed the name “ syzyzy” 
for the form of ligamentous articulation upon a vertical ridge which 
occurs between the second and third radials of most Neocrinoidea 
(P1.1. fig. 15), and speaks of the distal face of the second radial 
as presenting a ‘ facette articulaire syzygale;” though the second 


epithet, understood in its original sense, implies the absence of any 


articulationt. 
A, The Arms. 


As is almost invariably the rule among the Neocrinoidea, the 
articulation between the first and second brachials of M. Prattia is 
a ligamentous one, like that between the second and third radials. 
Quenstedt’s figures (Encriniden, tab. 103) show that the rule holds 
good in M. mespiliformis, and I have found the same to be the case 
in Ap. Parkinson. 


The position of the first syzygial or double joint in the arms of 


M. Prattii appears to vary from the third to the fifth brachial, and 
not to have the constancy which is met with among the Comatule. 


% Ueber den Bau des Pentacrinus caput-Meduse,” Abhandl. d. Berlin. Akad. 
1843, p. 26 (of separate copy). 

+ Op. cit. pp. 257, 258. 

+ In a previous paper (this Journ. vol. xxxvii. p. 134) I have pointed out that 
it is a mistake to suppose that Méllericrinus differs from Apiocrinus in the 
presence of an articular facet on the first radials, for traces of a transverse 
articular ridge and of muscle- and ligament-fossee can be made out on the 
central ends of the first radials in good specimens of Apiocrinus. I had not at 
that time seen any well-preserved calyx of A. Parkinsoni, and, judging from 
W@Orbigny’s figure (pl. 5. fig. 6), was led to imagine that in that species the first 
two radials are united by syzygy, as is generally supposed. Recently, however, 
I have been permitted to examine the excellent calices of that species in the 
Museum of Practical Geology, and I find that it too had a muscular articula- 
tion between the first two radials. I suspect the same to be the case in all 
Apiocrinites. The power of movement, however, must have been excessively 


limited, and the presence of the enormous fossa beneath the transverse articular 


ridge distinguishes this form of articulation from that met with in most Neocri- 
noidea, though an approach to it occurs in some species of Millericrinus. 

I may also state here that the second and third radials of Ap. Parkinsont and 
of Ap. Meriani (as I learn from specimens kindly lent me by M. de Loriol) are 
united by ligamentous articulation, just as described above in M. Prattit, 


though the lower end of the vertical articular ridge in the Apiocrinus-radials is 


separated from the dorsal edge of the plate by a large fossa similar to that on 
the first radials, and either absent or but poorly developed in Millericrinus. 

Tt will be evident from these considerations that Apiocrinus conforms more 
closely to the type of Pentacrinus and Comatula than has been hitherto sup- 
posed, though the enormous expansion of the calyx-plates marks it off very 
distinctly from the other Neocrinoidea. 


————— — ~~ 5 
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The next syzygy is equally variable in position, following the first 
at an interval of from 0-38 joints. The syzygial faces are marked 
with well-defined radiating striz, just as in the Comatule. 

The arm-joints are short and nearly oblong in outline, bearing 
pinnules alternately upon opposite sides, the first pinnule being 
borne by the second brachial, which is slightly more wedge-shaped 
than the nearly rhomboidal first brachial. In one or two pinnules 
of the specimen represented in fig. 9 the side-plates of the ambu- 
lacra are still visible; they are generally similar to those of many 
recent species of Pentacrinus and Comatula, though somewhat more 
massive, as they are in various Paleocrinoids. 


5. Remarks. 


The species which most nearly resemble M. Prattu are M. Nodo- 
tianus, d’Orb., and the small variety of MZ. Munsterianus, to which 
the name Buchianus has been given*. But in both species the 
radials are relatively wider and less steeply inclined than those of 
M. Prattvi. This is more especially the case in M. Nodotianus, 
which species is also distinguished by the stem-joints having a 
tendency to the petaloid markings that are characteristic of the 
Pentacrinide. 

A possible ally of M. Pratt is the singular type described by 
Quenstedt* as a Pentacrinus from the White Jura, y, of Sotzen- 
hausen. It has no sign of any verticils of cirrhi on the stem, and 
the number of arms was very probably limited to ten, as the few 
that are preserved do not fork as far as the tenth brachial, though 
they may of course have done so on a later joint, as in P. bri- 
areus. ‘juenstedt says nothing about the surfaces of the stem- 
joints; but it is difficult to see why the type should be referred to 
Pentacrinus rather than to Millericrinus, the former genus being 
especially distinguished by the presence of cirrhus-verticils on the 
stem. 

Among the various types of Pentacrinus the calices of which are 
known, that which most closely resembles M. Pratti in the cha- 
racters of its calyx is the recent P. Wyville-Thomsoni from the 
North Atlantict. The radials and basals are about the same 
relative size in both cases, and the markings and slope of the arti- 
cular faces are very similar,:the curious concentric lines on the 
muscle-plates of the Pentacrinus occurring also on those of the 
Mollerverinus (Pl. I. figs. 11, 13, 17, 20, 21). The ventral 
aspect of the calyx, with its tolerably wide central funnel, is also 
yery much the same in both cases, that of the Millericrinus being 
rather the flatter. But this resemblance disappears when the two 
calices are viewed from below. In the Pentacrinus the facet which 
receives the top stem-joint and is formed by the undersurfaces of the 
basals is relatively small, and the petaloid markings of the Penta- 
crinus-stem begin to be visible upon it. This facet is relatively 


* De Loriol, op. cit. pp. 35-39, pl. 7. fig. 14. 
Tt Op. cit. tab. 99. fig. 174. 
t Journ. Linn. Soc., Zool. vol. xv. pl. 2. fig. 23. 
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much larger in M. Prattii (Pl. 1. fig. 16), and its edge exhibits 
the same radial striation as is to be found on the faces of the stem- 
joints themselves (Pl. I. fig. 22). 


6. Localities and Horizon. 


Nearly all the specimens of this fossil which are preserved in col- 
lections are from the Great Oolite of Lansdown. I learn from 
Dr. Wright that it is a characteristic fossil in this formation, and 
that it has also been found at Windrush Quarries, the neighbourhood 
of Miserden Park, and Notgrove*, all of which localities are in the 
Gloucestershire district. 

The national collection at South Kensington contains a few 
individuals from the Stonesfield Slate of Northleach in the same 
district ; they are most probably the earliest known species of the 
genus. It perhaps extends upwards into the Forest Marble, 
though, with the possible exception of the original of fig. 9, I 
have been unable to obtain any very satisfactory evidence of its 
occurrence in that bed. The specimen represented in fig. 9 is the 
property of J. F. Walker, Esq., M.A., F.G.S., who has kindly lent 
it to me for description. He obtained it from a workman, and there 
is therefore some doubt as to its exact horizon. Arm-fragments of 
the Lansdown Encrinite are said to occur in the Forest Marble; but 
I have not been able to verify this statement, and am therefore 
uncertain whether they may not belong to the common Pentacrinus 
of that bed. 

T learn from Mons. P.de Loriol that this type is also found in the 
Jurassic beds of Calvados in Normandy; but I have no information 
as to its occurrence in other parts of the Continent. 


Il. Two new CoMATULz. 


The examination of the paleontological collection in the British 
Museum, consequent upon its removal from Bloomsbury to South 
Kensington and its rearrangement in its new home, has led to the 
discovery of many forgotten rarities, including two fine Comatule 
from the Great Oolite and the Kelloway Rock respectively. I am 
indebted to the kindness of my friend Mr. R. Etheridge, jun., for the 
opportunity of describing them. 


1. ANTEDON LATIRADIA, n.sp. Fig. 1. 


The centrodorsal is nearly hemispherical, its dorsal pole being 
slightly hollowed and marked with a faint stellate impression. It 
bears about 40 cirrhus-sockets, which are rather irregularly arranged. 
The first radials are partly visible round the edge of the centro- 
dorsal, which conceals two of them almost entirely; at the inter- 
radial angles of the calyx they are separated from it by the small 
basals; their distal edges are deeply incurved in the centre, but 
turn outwards again at the sides. The proximal edges of the second 


* This name is given as Nutgrove in Morris’s Catalogue. 
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radials have a corresponding curve, so that these joints are con- 
siderably longer in the middle than at the sides, by the greater part 
of which they are united to their fellows. The pentagonal axillaries 
are short and wide, barely half as long again as the second radials, 


Fig. 1.—Antedon latiradia, n. sp. 


A. From beneath. B. From the side. (Twice the natural size.) 
From the Great Oolite of Bradford. 


their proportions being length : width =11: 20. The first brachials 
are united for about half the length of their inner sides, which are 
shorter than the outer ones, owing to the inclination of the proximal 
and distal edges to one another. ‘This is more markedly the 
case with the second brachials. The third brachial is a syzygial 
or double joint, and the two following joints are transversely oblong. 
On one of the three remaining arm-bases the fifth brachial is also a 
syzygial joint. 

The articular face of one first radial is visible. It is roughly 
trapezoidal in shape, 4 mm. high, and a trifle wider across the 
transverse ridge, which rises up around the opening of the axial 
canal into a triangular articular surface. Beneath this is a small fossa 
with a deep central pit for the insertion of the dorsal elastic liga- 
ment. The greater part of the articular face is taken up by the 
large plates for the attachment of muscles and ligaments, but the 
boundaries of their respective fossz are not very distinct. There is 
a shallow but wide notch between the two muscle-plates, though it 
is not clear whether there was any vertical ridge descending from 
it towards the opening of the axial canal. If there was one, it 
became less marked as it approached the transverse ridge ; for on 
each side of the apex of the triangular articular surface is a deepish 
pit which marks the central end of the ligament-fossa. These two 
pits are connected by a shallow depression above the apex of the 
triangle, so that the whole has somewhat of an hourglass-shape. 

Size. Diameter of centrodorsal 7-5 mm.; diameter across the 
circle of radial axillaries 14 mm. 

Locality and horizon. The Great Oolite, Bradford. 


40 P. H,. CARPENTER ON SOME NEW OR 


2. ANTEDON CALLOVIENSIS, n.sp. Fig. 2. 


Actinometra calloviensis, P. H. Carpenter, Abstracts of the Pro- 
ceedings Geol. Soc. no. 407, June 22, 1881, p. 98. 

The centrodorsal is low and basin-shaped, slightly produced at 
the interradial angles, and nearly covered by about 30 cirrhus- 
sockets. The lowest joint of one (probably mature) cirrhus is still 
attached to its socket, and close to it is the basal portion of another, 
but much younger one. The first radials are partially visible all 
round the edge of the centrodorsal, from which they are separated 
at the interradial angles of the calyx by the small basals; their 
line of junction with the second radials is rather incurved, though 
less so than in the preceding species. The second radials are very 
convex, and widely hexagonal, being only united to their fellows by 
less than half their length. The axillaries are wide and penta- 
gonal, and less than twice the length of the second radials, their 


Fig. 2.—Antedon calloviensis, n. sp. 


A. From beneath. B. From the side. (Twice the natural size.) 
From the Kelloway rock of Sutton Benger. 


proportions being length: width =10:17. ‘The first brachials are 
united in pairs for about half their length by their inner ends, and 
their terminal edges are nearly parallel; while the second are some- 
what more wedge-shaped, their inner sides being considerably shorter 
than the outer ones. The oblong third brachial is usually a syzygial 
or double joint, one out of the five which remain being an exception 
to this rule. The first joints of the pinnules on the second brachials 
are visible at the bases of one or two arms. 

Size. Diameter of centrodorsal 6 mm,; diameter across the circle 
of radial axillaries 11°5 mm. 

Horizon and locality. 'The Kelloway Rock of Sutton Benger. 

Remarks. These two species, occurring at different horizons, are. 
very closely allied. Ant. calloviensis has fewer cirrhi and a less 
spreading centrodorsal, so that the first radials are visible all round, 
and not more or less completely concealed as is the case with some 
of those of Ant. latiradia. The second radials, too, have their 
proximal ends less closely united than in Ant. latiradia. The 
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axillaries of the two species also differ in their relative proportions ; 
and the same is the case with the first brachials, those of Ant. 
latiradia being the more wedge-shaped. Both species, like most of 
the Jurassic Antedons, belong to a section of the genus which is less 
sharply distinguished from <Actinometra than the great majority of 
recent species are. In most recent Antedons, especially in those 
which resemble these two species in having only ten arms, the axillaries 
are nearly as long as, or sometimes even longer than, wide, and have 
more or less marked backward projections into the second radials. 
This last feature is visible even in Ant. macrocnema of Sydney 
Harbour, which is remarkable for presenting many of the peculia- 
tities of Jurassic Antedons. It likewise approaches Actinometra in 
the relative width of the axillaries, and also of the articular faces of 
the first radials. In most recent Comatule, including some species 
of Antedon and all Actinometre, the width of the articular faces of 
the first radials exceeds their height, though in some Antedons these 
faces are higher than they are wide; but the relative proportions 
of the two diameters vary considerably, the width being greatest in 
the Actinometre. The same is the case with the dimensions of the 
radial axillaries, as may be seen from the subjoined Table :— 


Articular faces of Hays ae 
first Radials. Radial Axillaries. 


Species. ; Proportion of 
Proportion of : 
width to hehe, | Width tolength: 
RECENT. 
Ampedom Fscneichtil sfc... sides case: 1G 1G: 15 
HALO RMEMIA,. Aste. owe Mase Oe Be 5 8: 5 
Actinometra strata ....... Hatt hee 6209 ae | 
oere MONE R IT a et. chile toate bate etl. xe Woes) oe 2 
Fossiu. 
Amuedon latiradiae: £21, 75.02 decks <seiaetes 17:16 ZA satel, 


Keer opualienttticsles pees eek: Geren eae aval Ver ek, fineness LealO 


In this last respect the two fossil species under consideration ap- 
proach the type of Actinometra rather than that of most Antedons, 
though the axillaries of Ant. calloviensis are but little wider 
than those of Ant. macrocnema and other somewhat aberrant 
species. The articular faces of the first radials are not exposed in 
Ant. calloviensis; and, in default of better evidence, I was at first 
led to refer this species to Actinometra*, chiefly on account of its 
comparatively small centrodorsal and the width of its second and 
third radials. This took place before the discovery of -Ant. latiradia, 
to which the Kelloway Comatula is evidently very closely allied. 
The older species has relatively wider axillaries than Ant. cal- 


* Abstracts of the Proc. Geol. Soc. no. 407, p. 98. 
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loviensis, though it has a larger centrodorsal, more numerous cirrhi, 
and higher articular faces on the first radials, so that it is clearly 
an Antedon. In their general facies, however, both species resemble 
the recent Actinometre rather than the majority of recent Antedons. 
The same difficulty presents itself in the case 6f other Jurassic 
Comatule, which are very synthetic in their general characters, 
though some species can be classified without difficulty. Thus Ant. 
Greppini, A. decameros, A. Tessom, and A. scrobiculata are un- 
mistakable Antedons, with high radials and a large centrodorsal 
bearing numerous cirrhi; and Actinometra wurtembergica is a true 
Actinometra, with a flattened centrodorsal, free from cirrhi on its 
dorsal surface, and a wide calyx-funnel. But such forms as Ané. 
Picteti, de Loriol, and Ant. infracretacea, de Loriol, with their low 
wide radials and flattened centrodorsal imperfectly covered with 
cirrhi, approach very closely to the Actinometra-type; they retain, 
however, the sloping articular faces which are so characteristic of 
Antedon, and must therefore be referred to that genus. 

Besides their tendency to combine the characters of recent generic 
types, the Jurassic Comatule are remarkable for their large size, as 
are also the Cretaceous species. The centrodorsal may reach from 
9-13 mm. in diameter, which is greater than that of nearly every 
recent species except Ant. Eschrichtii; while this type and Actino- 
metra robustu are almost the only living Comatule with arm-bases 
any thing like so massive as those of the fossil species. Taken as a 
whole, the group is chiefly confined to depths of less than 200 
fathoms, and the larger specimens inhabit quite shallow water, 
30 fathoms or less; so that Ant. calloviensis and Ant. latiradia must 
have lived not far from the shores of the Jurassic seas. 


PostTscRIPt. 


Since revising the proof of the preceding pages I have been 
favoured by Mons. Moriére with a copy of his paper on “ Deux 
Genres de Crinoides de Ja Grande Oolithe,” which appeared in the 
‘ Bulletin de la Société Linnéenne de Normandie,’ sér. 3, vol. v. 
He describes the discovery of a Millericrinus in the upper part of the 
Great Oolite at Aunou-le-Faucon, a village 4 kilométres from Caen ; 
and he gives a photographic representation of a remarkable slab 
containing five specimens of Apiocrinus Parkinson and three of the 
Millericrinus. These last he identifies with MW. obconicus, d’Orbigny, 
or, more correctly, M@. Pratiw. ‘The arms of one specimen are pre- 
served to a length of about 60 millim., and the length of its stem is 
still greater ; but there is no trace of a root, its lowest portion having 
been broken away. 

According to M. Moriere, ‘Il ne reste plus 4 trouver aujourd’hui 
que la racine de ce Crinoide.” I am inclined to doubt, however, 
whether there is really any root for us to discover. 
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EXPLANATION OF PLATE I. 


Minuericrinus Pratt, Gray, sp. 


(All the specimens represented, except that shown in fig. 9, are in the Wood- 
wardian Museum. The ne of fig. 9 is in the Cabinet of J. F. Walker, 
Esq., M.A., F.G.S.) 


Fig. 1. 
. Calyx, with a stem of only two joints, seen from beneath: x 2. 
. Calyx and upper stem-joints, with accessory basal pieces, side view: 


Calyx and short stem with intercalated joint, side view: X 3. 


. Calyx with stem of four joints. a, from beneath; 0, side view: x 2. 
. Portion of stem with indication OF a root?: x 2. 

. Calyx with stem of about 60 joints: x 2. 

. Calyx with moderately long stem containing intercalated joints: x 2. 
. Calyx with stem of about 50 joints: X 2. 

- Remains ofa tolerably complete specimen with a stem of 2 joints: x13. 
. Calyx with stem of about 20 joints: x 3. 

. Calyx with stem of 15 joints: x 2. 

. Remains of a stem of 16 joints: x 2. 

. Calyx with 5-jointed stem: X 3. 

. Calyx with stem of 70 jomts: xX 14. 

. Distal articular face of a second radial: x 4. 

. Inferior aspect of basal pentagon: xX 3. 

. Calyx and upper stem-joints: x 3. 

. Imperforate and rounded top stem-joint with basals attached; from 


beneath: x 4. 


. Calyx with arms attached: x 2 
. Calyx with upper stem-joints. a, from above; 0, from the side: x 4. 
. Calyx with upper stem-joints which are enclosed in an additional 


limestone deposit: x3. 


. Inferior aspect of the top stem-joint of a stalked individual, with facet 


and axial canal and the basals attached: x4. 


. Calyx with 2-jointed stem and arms attached: natural size. 


44 G. KR. VINE ON THE WENLOCK POLYZOA. 


A. Nores on the Ponyzoa of the Wentock SHates, Wentock Liue- 
STONE, and SHALES over WENLOcK Limestone. From material 
supplied by G. Maw, Esq., F.LS., F.G.8. By Guorez Roprrr 
Vine, Esq. (Communicated by Dr. H.C. Sorsy, F.R.S., F.G.S.) 
(Read December 7, 1881.) 


INTRODUCTION. 


THe organisms found in the Wenlock Shales of Shropshire have 
been already alluded to by Mr. Maw and by Mr. Davidson in their 
joint paper in the ‘ Geological Magazine’ for the year 1881*. The 
remarks of these authors bore chiefly upon the Brachiopoda found 
in the shales; but the other organisms were casually alluded to in 
passing. Since this joint paper was written, I have had an oppor- 
tunity of working over nearly one hundredweight and a half of 
the débris, and this, in all probability, may represent from six to 
eight tons of the unwashed clay. My object in searching was 
principally to pick out the Polyzoa and the smaller Actinozoa of the 
débris ; but in doing this I felt very reluctant to pass over organisms 
which belonged to other than these two classes ; consequently, to 
some extent, my collection consists of specimens illustrative of the 
Actinozoa, Echinodermata, Annelida, Crustacea, and Brachiopoda, 
as well as the Polyzoa of the shales. It is not my intention in the 
present paper to commit myself to remarks on the genera belonging 
to these classes otherwise than by presenting a Table of the whole 
series of associated fossils. This Table is divided into twelve 
columns, eleven of which are allotted to the several localities from 
which Mr. Maw supplied me with material; the other column 
affords me the opportunity of completing the range of species by 
recording their presence in the Wenlock Limestone. I have no 
desire to speak of species found in the cabinets or collections of 
others. Every organism against which a mark is placed, with the 
exception of those from the Wenlock Limestone, has been found in 
the shales supplied by Mr. Maw; and even the Brachiopoda are 
given, not from the lists of Messrs. Maw and Davidson, but from my 
own pickings from the shale. To dothis properly, Mr. Davidson has 
kindly named for me a set of specimens submitted to him for that 
purpose, and to these I have since been able to add a few others. 

It is to be regretted that much of the finer material has been 
lost in the washing: but in every case, before I parted with the 
picked material, I sifted the refuse through coarse net and also fine 
muslin; and, after rewashing, I was thus enabled to pick out and 
mount a very fine series of Entomostraca. My types of these have 
been kindly examined by Prof. Rupert Jones, and upon his authority 
I am able to say that several of the specimens are either new species 
or new varieties. These Entomostraca are in a fine state of preser- 
vation as regards the carapace, and they will enable me, in working 


* January, March, and April. 
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out the details, to add many particulars to our present knowledge 
respecting their range and variability in the shales. It will suffice 
- for the present if I merely remark that the Primitie and some of 
the Beyrichie have a closer affinity to Swedish than to British types. 
The close resemblance of some of the Cythere and Cytherelle to 
Carboniferous forms has already been alluded to by Prof. Rupert 
Jones, F.R.S. 

I have not been able to add many species to the class Annelida. I 
have not had such free access to the literature of the class as I 
could have desired ; but several of the washings have yielded a large 
variety of Annelids, whilst in other washings I have not found a 
single one. WSpirorbis is remarkably rare. 

The Echinodermata are mainly represented by the jointed stems 
of several species of Crinoidea, and the cups of two species at least, 
one of which is apparently related to Cyathocrinus ramosus, Schl., as 
figured by King in his ‘ Permian Fossils,’ pl. vi. figs. 1 and 2. An im- 
mense number of separated costal plates and many scapular plates of 
Crinoids, and some few plates of Cystoids, similar to those alluded 
to and figured by Nicholson and Etheridge in the ‘ Monograph of 
Silurian Fossils’ *, fase. iii. pl. 22, are also present. 

The Crustacea, excepting the Hntomostraca, are represented by 
fragments of Trilobita, several of the separated elements of the head, 
thorax, and pygidium, some of which are well preserved. 

The Actinozoa are also largely represented both as species and 
individuals. Some of the genera are Monticulipora and its several 
subgenera, Alveolites, Coenites, Halysites, and Heliolites; but these 
require separate working, since the writings of Professor Nicholson 
have shown how fallible are all the descriptive labours founded 
upon external facies or of habit only. The genus /stulipora, 
M‘Coy, the separated fragments of Syringopora fascicularis, Kd. & 
Haime, and Alveolites ? seriatoporides are very abundant. 

In only one washing, that of the shales over the Wenlock Lime- 
stone, have I found any fragments of Plants; and these I can 
only refer to doubtfully. The Macrospores in the list are, how- 
ever, unique; they are unlike the Macrospores of the Carboni- 
ferous series; but even these I cannot build much upon. Never- 
theless they find a place in the Catalogue. 

With regard to the Polyzoa of the shales the paper itself will be sufti- 
ciently explicit. J amsurprised that so few genera are represented, 
and, comparatively speaking, sofew species. Some of the species are 
very scarce, so that i have had, to a large extent, to depend upon 
external characters. Apparently many more species could have been 
added to the list; but I have preferred to restrict the number unless 
there was ample evidence to support their being placed with the 
class. There has been a tendency of late amongst paleontologists 
to pass over from the Actinozoa to the Polyzoa some at least of the 
species that have heretofore been placed with the Tabulata; and 
Milne-Edwards and Haime, in their ‘ Silurian Corals’ 7, had their 


* ‘Monograph of the Silurian Fossils of the Girvan District in Ayrshire.’ 
+t Pages 276-278. 
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doubts as to whether Cenites belonged to the Corals or the Bryozoa. 
In every instance where a doubt was expressed by an author as to 
the proper class to which species should be referred, I have made 
original investigation for the purpose of satisfying myself; and, so 
far as these experiments and investigations will justify me in 
forming an opinion, I may say unhesitatingly that neither the species 
of Monticulipora, to which reference has been made by authors, nor 
Cenites can be referred to the Polyzoa. 

In all my investigations of Silurian Polyzoa I have been haunted 
by the keen remarks of Prof. Owen * :—‘ The practical paleeontolo- 
gist finds himself compelled to arrange and study the fossil Bryozoa 
along with the corals, if only on account of the difficulty he in many 
cases experiences of determining to which class of Polypi his speci- 
mens belong ...... The real merits of the man who would make 
scientific capital by changing the position of such a group, and by 
imputing error or ignorance to the author from whom he may 
differ in this respect, are easily weighed and soon understood.” 

I have ventured to differ from Prof. Owen as to the position, in a 
natural classification, the Polyzoa should occupy ; but I hope I have 
not merited the severe judgment implied in the last sentence. Still 
it will be very unsafe to allow the present classification of types, 
such as Chilostomata and Cyclostomata, to prejudice the mind of 
the systematist. So far as my experience goes, such arbitrary 
divisions, when we get below the Cretaceous groups of Polyzoa, 
barely represent the truth; and in the Paleozoic division it is im- 
possible to bring out the whole of the truth when we attempt to 
carry modern divisions beyond a certain stage. In my Report on 
the Silurian Polyzoa + I have endeavoured to limit the disposition 
to give a modern expression to ancient groups. Still I felt that 
if I carried this objection into practice I should only displace one 
arbitrary method by substituting another. I have therefore in 
that Report allowed the full expression of the truth to come to the 
front suggestively, by the temporary arrangement which I have 
given. ‘There is a pressing necessity for an intermediate division to 
take in forms which can neither be placed as Chilostomata nor as 
Cyclostomata. Before this can be done with any degree of satisfaction 
some primary basis of classification must be agreed upon by paleon- 
tologists, and this not hurriedly or vaguely. For myself, I would 
suggest that the classification of Palaeozoic Polyzoa be based on the 
arrangement and character of the cells as shown in typical sections, 
and not wholly on the habit of species. There is in every species 
of Paleozoic Polyzoa with which I am familiar both a peculiar cell- 
arrangement and a peculiar habit; and if these expressions were 
formulated the Paleozoic types could be very readily arranged in 
groups which would be allied to similar groups found in the Oolitic 
and Cretaceous series. No outrage upon existing groups would 
then be needed, but a real foundation for a natural classification 
would thus be effected. It is very certain that peculiar types of 


* ‘Paleontology,’ ed. 1860, p. 27. 
t Brit. Assoc. Report, ii., ‘Silurian Polyzoa,” York, 1881. 
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Paleozoic Polyzoa came into existence in the remote ages of the 
past, and died out in later, still remote ages ; but having no natural 
or generally accepted standard to judge by and compare with, we 
are at a loss to give full expression to any truth which certain 
species may present. Amongst the Tertiary and recent Polyzoa 
this difficulty isnot so much felt; and I for one shall be inclined to 
accept Mr. Hincks’s fuller classification when the results of his in- 
vestigations amongst other than British Polyzoa have satisfied him 
that he is right. For the present 1 am chiefly concerned about the 
Paleozoic and Mesozoic types. 

When the material was sent to me by Mr. Maw, every box or 
parcel had a particular number. This I have preserved; and the 
different numbers at the tops of the columns are the numbers 
supplied to me. ‘They are as follows :— 


Lower Wenlock Shales .. ‘“ Buildwas Beds t”.. 22,36, 37, 38, 40. 
Middle Wenlock Shales.. “ Coalbrookdale Beds” 43. 


Upper Wenlock Shales .. Tickwood Beds...... 25, 41, 42. 
Wenlock Limestone. No material supplied. 
Shales over the Wenlock Limestone .......... 24, AG. 


In the following list I have only indicated by an asterisk the pre- 
sence of certain species of Actinozoa. J have not in every instance 
given the species, for reasons already stated. Ihave, however, given 
as full a record as possible. Referring to the Entomostraca, because 
certain species are left bare of a mark, it must not be supposed that 
species cannot be found in the shales; it only means that mine are 
bare of forms in that particular locality, because I have not had 
material fine enough for examination. 


Vertical Range of Genera and Species found in the Wenlock Shales 
of Shropshire (Mr. Maw’s washings). 


Genera and Species. 46. | 24.1W. L. [25. |41. |42. 143. | 40. 38.37. 36.| 22. 
PLANTA. 
EACEOSPORCK: 7 ch.2--cngevesesaecess vr 
ACTINOZOA. 
Heliolites interstinctus, Wahl....| ...| ... x|x|x 
Sees eee Sccwcses| tae liens x | x 
Favosites (wants working) ...... coal Een |Web) | eee] chee Been Pe levers Reape (ees gS? 
Halysites catenularius, Lznn. ...|... |... ¥ | ...1 *]* 
“Ty 0 | H |isse Bese WAL |e (ae Bch eae ke sc seeah See * 
Alveolites, sp. (wants working).... x | x} * > x ]*|x*xfei>x|]x*]x«]«} x 
seriatoporides, M.-Hdw....|...| ... cd eo eo Me ae Seen bee x 
Ceenites juniperinus, Hichw. ...|... |... eA 5: | anil. UPR aa-t 
PARCEL ERAS, LCI us vesevicen} ee | arn MMI densi lenin OYA Blake | 3% 
Monticulipora, sp. (very rich; 
but the whole wants working.)) «|x > * —*x | */]/*x fx }x*x]*xj)/*|*]x 
Histulipora, sp., M‘Coy .........| »-. | ee GS: | cock) CONE l Tetheey Rep TF 


+ In my former paper “On Silurian Uniserial Stomatoporide ” I spelt this 
name incorrectly “ Buildwass.” 


te 
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Vertical Range of Genera and Species (continued). 


Genera and Species. 46.) 24.1W. L . 42.143.] 40.} 38.) 37.) 36.) 22. 
EcHINODERMATA, Sp. en 
ApbaGs: SLOWS. 2) 4 sete ce is aes sees * * x px fe |e} we] * | x 
STINGS a ANE eer ae meme ten et ey * | * 
Stems bored by Sponge ?......... vee 1x | % | % | % 
ANNELIDA. 
Cornulites serpularius, Schloth. .| .. woul | * 
Tentaculites annularis, Schloth.| .. * | * 
POMP USE. oe hn. Sc ade ok * as Ae * 
Ortonia, sp., Nicholson............| «++ x | x 
°o/ LIN CIn Or RE RRR Se Aa a 
TRILOBITA. 
Fragments of ‘Trilobites are 
found in nearly all the wash- 
ings ; but these require very 
careful working.................. | * * fr * | ae ee 
Entomosrraca f. 
Bairdia elongata, Miimst.(?)......| ¥ . r(?) r 
DUIGED pod prk toto eek 8 sil r len r 
Thlipsura, sp. n. (Jones) ......... c er 
ee POTEo OR EN os sini c 
7 Vas RELUDU. ..ce.seo20- r 
= CTs, ON V3 is Sanat Bea 
Cythere bilobata, Miinster (near) r Pl 
intermedia, Miinster (near)| ... aan) wal 
S| Laat AS Cenk 3 ene r ral n'| Sioa ate 
Cytherella, sp. n. (Jones) ......... r cll a PN 
Primitia renulina, Jones (near) .| r ir |... 1c mem 
ovata, J. & Gs Ge Aas a es 
variolata, J. dH. ......00. er cries 
eristata, Ig.) ai scekses | eae ae 
Beyrichia Klodeni, M‘Coy ...... cpr lr er er 
, var. tuberculata, Salter ...) ¢ Rebs fret c 
, var, torosa, Jonest ......... ae r|r 
MECH DW A(T). bn) -vcsiegese sane | + 
PoLyzoa. 
Ptilodictya lanceolata, Gold-| 
VOSS OMIA See suk ted hos aeaen swab Me ae c 
Lonsdalei, Vine ............ NVI Bs e|c|...jecjec 
sealpellum, Lonsdale ...... ee Cea erjer 
—— interporosa, Vine............ bie vr 
» SPACE) reece atte ee wai ae ae ah 
Phy lloporas epee. a= foaee4-2 42-2 Nis r 
Berenicea, sp. (wants working)... ... e ° r 
Fenestella WEIS, GIG. sons csiew'e| »as sa 
reteporata, Shrubsole ..... % 
—— lineata, Shrubsole............| ..- % 
intermedia, Shrubsole ......| ..: * 
Glauconome disticha, Goldfuss & 
WOnSdG1G,. esse. <eeee eaeateeor nes WE ca ese 


t See Geol. ale My. Smith's List, February 1881; also ee same year. | 
t There are still several species of Beyrichia which require reworking. 


—y ——— EE ———— EEE 
—— See EEE 


SS 
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Vertical Range of Genera and Species (continued). 


Genera and Species. 46. 24.)W. L.j 25.| 41. 


Hornera ? crassa, Lonsdale ......|... 
ma@elicatula, Vine............| «+» 
Stomatopora dissimilis, /inet...| ... 
, var. elongata, Vine || ... 
, var. compressa, Vine|v r| . 
Ascodictyon stellatum, Nich. ...| ... 
, var. siluriense, Vine! ...|... | 
radiciforme, Vine .........] -.- i 
filiforme, Vine........ i Ss Shea i 
Diastopora consimilis, Lonsd. ...| ... 
Ceriopora oculata, Goldfuss ...| r 
granulosa, Goldfuss......... WP sings: 
Spiropora regularis, Vine......... QF 
Mihermedia, VANE ...... 6.000) ++ 
Miscopora, sp., Lonsd. ........:...| © 
BetAMOPOLA, SP. .....-.-2.0-0..00- re 


iE 


Bracuiopopa §. 


Lingula Symondsii, Salter ...... shed 
Orbiculoidea Forbesi, Davidson .) ... 
Pholidops implicata, Sow. ...... el ees 
Waldheimia Mawei, Daw. ....... DEN ee 
Meristella leeviuscula, Sow....... eS 
Spirifera plicatella, Linn. ...... “ 
, var. radiata, Sow. .. 
GIDC FLO OS SR Aen Ree een ee 
Nucleospira pisum, Sow. .........| ... 
Atrypa reticularis, Linn....... NBER 
aArtaAMdd, DAU. .ccecccesces ets 
Glassia obovata, Sow. ..........6. oe 
Retzia Bouchardi, Dav. ......... cee 
Hichwaldia Capewelli, Dav....... 500 
Stireptis Gray, Dav..........:.---- ae 
PEMAMCTUS, SP:|| ¢.....0+0---e0nes = 
Hhynchonella, sp.|| .........-...-- Se 
Pe NGeMLata, SOW.  .s...<cass0- oe 
Wrihnis biloba, Linn. ..............- *% 
MWS IIO eos ease ewwnng ane 
—— hybrida, Sow, ...............| ... 
USCA SOUL g. cc cceskccutences| coe 
elegantula, Dalm.............| «0. 
elegantulina, Dav. .........| ... 
Strophomena  rhomboidalis, 
UIE TES Ra tenciise-stcaceuccesemae=| ae 
Leptena segmentum, Ang. ......|... 
Chonetes minima, Sow. .........|... 
—— lepisma, Sow. ............045 c 


GASTUROPODA, SP. .....+.c-cras--0-| one 


Ho: 


KS 


KOK KE 


ae 


7K 3K OK 


* OK OK S 


x KOK OK 


37.| 36.) 22 

Hoo (Gap 

6) 

Cc Yr 
carer (CSE 
rjcr 

6) 

Cc c 

Cc 
Ade Cc 
ie Cc (Y 

* 
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+ Another species, which I have simply indicated by the name of Polypora 
problematica, is rather abundant. It was left unnamed by Salter, and was a 


puzzle to him; it is also a puzzle to me. 
t School of Mines. 


§ See Geol. Mag., March 1881, pp. 108, 109. 


|| I cannot work these out satisfactorily. 


@.9.G.8. No. 149. 
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The Polyzoa of the Wenlock Shales, the Wenlock Limestone, and 
Shales over Wenlock Limestone. 


Class POLYZOA, J. V. Thompson. 
Order GymNoLta#mMata, Allman. 
Suborder Cyctostomata, Busk. 


Group II. Ivcrusrata, d’Orbigny. 


Inarticulate s. Adfixe, Busk, Crag Polyzoa. 

Inarticulata, Busk, Brit. Mus. Cat. pt. iii. 

“* Zoarvum calcareous, continuous, not divided by corneous joints, 
or furnished with radical tubes; erect and attached by a contracted 
base, or recumbent and immediately adnate, either wholly or in 
part ” (Hincks, Brit. Mar. Polyzoa, p. 424). 


Genus StoMATopora, Bronn. 


1821. Alecto, Lamx. (1814, introduced by Leach for a genus of 
Echinoderms). 
1825, Stomatopora, Bronn; d’Orbigny (for uniserial species). 
Zoarium creeping, adnate, irregularly branched. Zoccia in single 
series. 


1. SromaTopoRA DIssImMILis, Vine. 


Stomatopora dissimilis, Vine, Quart. Journ. Geol. Soc. vol. xxxvii. 
p. 615. 

This species has already been fully described and illustrated 
in a paper read before the Geological Society, and published as 
above. 

Locality. Buildwas Beds, near base of Wenlock Shale. Washings 
nos. 22, 36, 38. Mr. Davidson’s list, no. 10. 


2. STOMATOPORA DISSIMILIS, Vine, var. a, ELONGATA, 


Zoarium very irregular, clustering. Zowca elongated, with, at 
times, long stoloniferous processes which intermingle with the cells. 
When colonial growth is distinct, arrangement of cells linear and 
uniserial. Measured under favourable circumstances, about three 
cells occupy the space of one line. 

The variety of this species which I distinguish by the name 
elongata, is present in the various washings in which the S. dis- 
similis is found. Its distinguishing peculiarities are its elon- 
gated cells and its clustering habit. | 

Locality. Buildwas Beds. Washings nos, 22, 36, 40. 

The uniserial Stomatopore of the Wenlock Limestone have been 
noticed or alluded to by Lonsdale, Salter, M‘Coy, and other 
workers on the fossils of the Paleozoic era; but neither in the 
‘Silurian System’ nor in ‘ Siluria’ is there any detailed account of 
the species. 
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After my descriptions were written, I was surprised to find 
in the cabinets of my friends such a mass of really good unde- 
scribed material. Recently Mr. F. D. Longe, F.G.S., has drawn 
attention to some of the features of the Wenlock-Limestone Stoma- 
topore. His paper not being published, I cannot say whether 
he distinguishes the form by a name. If not, to complete this 
description, I give it a varietal one. 


3. STOMATOPORA DISSIMILIS, Vine, var. b, COMPRESSA. 


The zocecia of this variety are stunted and closely compacted 
together, forming lines as in fig. 1, p. 616, Q. J. G.S. Nov. 1881, also 
dense masses covering, by their prolific habit of growth, large spaces 
on shells, Brachiopods, and corals. But that the Rey. A. M. Norman 
has already used the name compacta for a species of Stomatopora 
from Shetland, this would have been a far preferable name for the 
variety. It is hard to make out the true characters of Stomatopora 
in some of these clusters ; and in many of the more vigorous colonies 
the whole of the calcareous coatings or true cells are destroyed, 
leaving nothing behind but the dark-brown matrices, without the 
least distinguishing feature, an accident which to some extent 
renders identification difficult. Measured under favourable circum- 
stances (that is, where the cells are linear), about three zoccia 
oceupy one line. In this respect it has a measurement nearly the 
same as variety a; but taking into consideration the elongated 
character of the cell of this species, the variety compressa has the 
advantage in size. ‘The generally compressed habit of colonial 
growth is also a special feature. At first sight there is a striking 
similarity to the form figured and described in King’s ‘ Monograph 


of Permian Fossils’ * as Aulopora Voigtiana, King. 


Locality. This variety I have never detected below the Wen- 

lock Limestone; and in the shales over the Limestone (no. 46 
of the washings) I have only found one poor specimen on a crinoid 
stem. 
Seeing that I have differed from Prof. H. A. Nicholson t as to 
the classificatory position his species, described as Hippothoa inflata 
(Alecto inflata, Hall), should occupy, I have studied the s0- 
called H. mflata again, upon specimens sent me by Prof. Nicholson 
himself. I cannot, however, see any thing in the species to make 
me qualify my expressed opinion. In some of the colonies we 
have specimens similar to var. elongata, Vine; others are more 
stunted and inflated; whilst some few colonies have their indi- 
vidual cells so inflated as to force the orifice into a subterminal 
position, and the stolon-like elongations give this appearance a 
Hippothoid character ; but beyond this there is no Chilostomatous 
affinity. I have not (after the closest search) found the least trace 
of an ovicell or a sinuated orifice in the American Lower Silurian 
Stomatopore. 


* Page 31, pl. iii. fig. 13. t Brit. Assoc, Report, 1881, York. 
EA 
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Ascopicrron, Nicholson and Etheridge, jun., 
Ann. & Mag. Nat. Hist. June 1877. 


Gen. Char. ‘‘ Organism composite, parasitic, adherent on foreign 
bodies, composed of numerous calcareous cells or vesicles, the walls 
of which are perforated by a greater or less number of microscopic 
foramina, but which possess no single large aperture. The cells 
may be united almost directly by the intervention of short tubular 
necks: or they may be disposed in clusters connected with one 
another by hollow filamentous tubes, which usually anastomose, and 
which, in some cases, at any rate, are likewise perforated by micro- 
scopic pores” *, 

This genus was established by the authors for species found in 
the Devonian formation of America and the Carboniferous of Scot- 
land. I have not seen the Devonian species, and I rely on the 
general accuracy of Prof. Nicholson’s details with regard to these. 
With our own Carboniferous species I am very familiar. Since 
having the plentitude of washed shales supplied by Mr. Maw, I have 
been able to examine some hundreds of specimens on stems of 
crinoids, broken shells, and corals. This circumstance has helped 
me to understand and work out many biological details the narration 
of which would be out of place in a general paper like the present. 
I accept the genus of Prof. Nicholson and Mr. Etheridge; and, 
so far as I am able at present, I give below descriptions of the 
various species found within a very limited range in these shale- 
washings, 


Figs. 1 & 2.~-Ascodictyon stellatum, Mich. & Ether., var. 
siluriense, Vine. 


yn 


Several rosettes, showing the habit of the colonies, together with a few of the 
filaments: x 24. 


A, AscoDICTYON STELLATUM, Var. SILURIENSE. (Figs. 1 & 2.) 


Messrs. Nicholson and Etheridge characterize their Ascodictyon 
stellatum as follows :— 


* Nicholson and Etheridge, work cited above, p. 463. 
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“Colony composed of ovoid or pyriform calcareous vesicles, 
varying in length from one fifth to one third of a line, and usually 
disposed im stellate clusters, each containing from three to six cells, 
er sometimes more” *. In the Devonian species the cells are dis- 
tinctly foraminated in lines, a feature that I have not detected in the 
Silurian specimens. In other respects, in the arrangement of the 
stellate clusters, the partially isolated vesicles, and the connexion 
of these by stolon-like processes, the species and the variety are 
very similar. The vesicles in the Silurian variety vary from about 
one sixth to one fifth of a line in length. 

Obs. Accepting freely the fuli description of the species as given 
by Messrs. Nicholson and Htheridge, jun., I have thought that it 
would be best to give only those characters that are found in 
my Silurian specimens. I thus avoid making a new species; but 
by distinguishing it by a varietal name prominence is given to an 
earlier type. | 

Habitat. On stems of crinoids and broken shells. 

Localities. Buildwas beds. Rather frequent in those marked 
36 and 38, somewhat rare in the other washings. 


Fig. 3.—Ascodictyon radiciforme, Vine. 


The general habit of the clustering filaments round a central axis: x24. The 
specimen selected for illustration is typical of the whole group; but there 
are many varieties of stellate clusters. 


5. ASCODICTYON RADICIFORME, sp. n. (Fig. 3.) 


Sp. Char. Colony composed of elongated root-like processes, which 
vary in length from three quarters of a line to a line. These pro- 
cesses are sometimes jointed ; and they are disposed in circles, un- 
evenly developed, radiating round a common axis, which may be 


* Nich. op. cit. p. 464. 
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only a mere point or a “central circular depression” *. Vesicles 
fusiform, or tongue-like; their bases connected with the central 
axis by hollow filamentous cords. The vesicles are rarely simple, 
as shown in A. radians, Nich. and Eth., but are in most cases 
jointed; and these bifurcate at intervals, and ultimately pass out- 
wards into fine cord-like filaments, which may or may not connect 
other stellate groups. In the free surfaces of some of the vesicles 
‘“‘the excessively minute, closely approximated pores” referred to 
by Nicholson in his description of his type, may be detected, 
although sometimes with difficulty, in the Silurian species also. 
Some specimens measured across the centre either way are from 
one and a half to two lines; and the number of vesicles to each 
rosette varies from four to twelve. 

Obs. At first I was inclined to regard this species as a variety of 
A, radians, Nich. and Eth. In working out the details, I found 
that I was obliged to adopt a new specific name. A. radians of the 
above authors is a typical Scottish Carboniferous fossil ; and although 
some of the specimens from different localities vary in facial outline, 
still the differences between the Carboniferous and the Silurian spe- 
cies are too decided in character to be lightly passed over. The 
rosettes of the Carboniferous forms are very regularly formed round a 
central axis; the rosettes of the Silurian species are very irregularly 
placed; and the earlier form is also much larger than the species 
described by Nicholson. 

Localities. Buildwas beds, 36 and 38 of the collection generally, 
rarely in the other washings from these beds. Above the Buildwas 
beds I have found but few minute fragments ; in all probability these 
are stray specimens from either 36-38 or 40. I have not been 
able to detect in these washings the least fragment of Ascodictyon 
fusiforme, Nich. and Eth. The anomalous character of this type 
leads me to suspect that the species, whatever it may be, is not an 
Ascodictyon, the true types of which may be accepted, extreme 
though they be in individual character, as A. stellatum, Nich. and 
Eth., A. radians, Nich. and Eth., and the new type described 
above, A. radiciforme, Vine. We have these typical species from 
the Silurian Wenlock Shales, Shropshire, the Middle Devonian of 
Ontario, and the Carboniferous Limestone series of Scotland. . 


6. ASCODICTYON FILIFORME. 


I cannot help putting upon record this name; but I have no 
desire to establish it as a species. On several fragments of shell, on 
stems of Encrinite, and in some rare instances on other organisms, 
I find filamentous threads bisecting other threads, the poinis of 
bisection in some cases swelling out. There is in this a biological 
peculiarity to which it may be well to direct attention ; and I cannot 
do this better than by giving a name to this peculiarity, so as to 
individualize the type. Otherwise these filamentous cords belong 
to the species of Ascodictyon described. They are hollow; but a 


* Nich. and Eth. Ann. & Mag. Nat. Hist. 1877, vol. xix. p. 465. 
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@arkiine - - - -_+ + occupies the place of the life-pulp 
which passed through the living filament. The first indication of a 


ee 
vesicle is a bulbous projection of this vital cord, ** «+ + - - - 
For reasons already given*, I have allowed my: descriptions of 
Ascodictyon to follow the descriptions of Stomatopora. Since my 
former paper was written I have examined some hundreds of speci- 


- mens of crinoid stems and broken shells, more or less incrusted with 


Ascodictyon and Stomatopora, and I have not seen any thing that 
would suggest a different opinion from the one already expressed. 


Sprropora, Lamx. 


1821. Entalophora, Lamx. 
1821. Spiropora, Lamx. 
1834. Pustulipora (pars), Blainville. 

The desire on the part of Mr. Hincks + and Prof. Brauns ¢ to 
return to original descriptions rather than wane some one or other 
of the synonyms which are of later date is to be commended. It 
may be justifiable to adopt for recent species the genus Hntalophora ; 
but in dealing with fossil types, there are many species that could 
not be conveniently placed under that name. The genus Spiropora 
has been very appropriately used by both Jules Haime and Prof. 
Reuss in their works on the Jurassic and Eocene Bryozoa. Both these 
authors limit the genus to species which show a peculiar spiral arrange- 
ment of cells, independent of the fact that all three of the genera 
whose names are placed above have tubular cells which open on all 
sides. In like manner I limit the genus for a very unique paleozoic 
type of Polyzoa which had a very wide range in Silurian times. 


7. SPIROPORA REGULARIS, sp.n. (Figs. 4, 5, 6.) 


Zoarium erect, dichotomous, branches rarely exceeding half a 
line in breadth. In its earliest stages the zoarium is attached by 
a disk-like base to some foreign object. Zowcia very regularly 
disposed, spirally, round the whole stem and branches, on the main 
stem in alternate rows. The normal condition is for the zoccia 
to be slightly conical and covered with a delicate chalky crust; this, 
however, is rarely preserved. When worn, the walls of the cells are 
exposed ; and in this condition the spirals are better shown. It is 
then seen that every alternate cell, for half its length, is so far 
separated from its neighbour as to allow the half of the alternate 
cell above to pass down and occupy the space thus left vacant; at the 
base of each cell a small secondary opening is thus exposed. Avper- 
ture round; peristome slightly raised in some cases. Two cells 
occupy the space of a line in a longitudinal direction ; from five 
to eight cells are found on the whole circumference of the stem; and 
‘they vary in number on the branches. 

* “Silurian Uniserial Stomatopore,” Quart. Journ. Geol. Soc. Nov. 1881. 


t Brit. Mar. Polyzoa. 
$ ‘ Die Bryozoen des mittleren Jura &c. von Metz,’ D. Brauns, 1879. 
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It is only after very careful study that I introduce to the paleon- 
tologist, as a paleozoic type, this remarkable genus. Haime, in his 
‘Jurassic Bryozoa,’ vindicates his use of the word Spiropora in place 
of the many synonyms which have been introduced into scientific 
literature since the time of Lamouroux. There are two very distinct 


Figs. 4, 5, & 6.—Spiropora regularis, Vine. 


4, Shows the general habit and mode of branching, and character of unworn 
cells: X 12. 5. Cells worn, showing the internal cast of the tubular cell : 
<x 24. 6. Outline cells of a worn specimen, showing arrangement in 
spirals: x 24. 


features in the genus; and these, as defined by Jules Haime, may be 
briefly noted:—1. The Zoariwm is dendroid, with forked branches ; 
cells elongated and closely connected. This feature is apparent in 
the Palaeozoic type. 2. “The peristomes are circular and more or 
less projecting, and they form at the surface of the branches circles 
which usually are not closed, but each constitutes one of the turns of 
a spire so many times interrupted. These rings are the more regular 
the more distant they from each other. When they are very close 
they are often difficult to recognize” *, This feature is also present in 
the Paleozoic type. Haime, however, speaks of his species as being 
perforated ‘ with very small and round pores.” This feature is not 
present in this early type; indeed perforated pores are very rare in 

Paleozoic Polyzoa. I have seen them in some Carboniferous species 

of Fenestella t ; but even in these they are of rare occurrence unless 

specimens are specially prepared to show them. In his Hocene 
Bryozoa Prof. Reusst figures and describes three species of Spiro- 
pora :—S. tenuissima, Reuss, having somewhat the general character 

of Entalophora; S. pulchella, Reuss; and S. conferta, Reuss. The 

Silurian species more closely resembles S. pulchella than the other 

two species of Reuss, both in the character and in the ordinary 
arrangement of the cells. It must not, however, be taken as evidence, 

satisfactorily settled, that the Paleozoic type blends naturally with 

the Oolitic and Tertiary types. This is not so. The evidence is 

* Haime’s ‘ Jurassic Bryozoa,’ Genus viii. pp. 193, 194. 
t In F. plebeca, M‘Coy. In Alecto frondosa, James, the punctured pores are 
a marked feature. } ‘Tertiary Bryozoa of the Alps.’ 
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only superficially exact; yet we have no other genus in which the 
type can be so conyeniently placed as the genus Spzropora. 

Locality. More or less abundant in the washings of the Buildwas 
beds, Wenlock Limestone, and in the shales over the Wenlock Lime- 
stone. Not frequent, but present in about the same proportion to 
the other fossils in the Niagara Limestone of Lockport as in the 
Wenlock Limestone, Dudley. 


Figs. 7 & 8.—Spiropora intermedia, Vine. 


my 
ell 


7. The whole of the cells on the portion of branch selected for illustration : 
x 12. 8. Four cells from fig. 7 further enlarged, to show the various con- 
ditions of the cell-mouth: X 24. 


8. SPIROPORA INTERMEDIA, sp.n. (Figs. 7, 8.) 


Zoarium cylindrical, subcylindrical, club-shaped, branching or 
not. Zoecia tubular when perfect—when worn, elongately oval or 
pyriform—adnate or free ; orifice circular, raised or decumbent; peri- 
stome thick. Cells irregularly or spirally arranged, opening on all 
sides, and clustering in the thickened or club-shaped specimens 
without any definite order. Cells occasionally exserted and bent 
round. Generally speaking, two cells occupy the space of a line; but 
some of the exserted cells measure three quarters of a line in length. 

Locality. Tickwood beds; in no. 25 washing only. 

It is necessary, from the anomalous character of this species, to 
direct particular attention to the exserted cells in some parts of the 
zoarium. In this respect they present an appearance closely resem- 
bling that of Entalophora. Indeed, if I were dealing with Tertiary 
species of Polyzoa, such as the Montecchio Maggiore material, and 
found amongst the number a specimen having cells of a similar 
character to the one I am dealing with, I should not have the 
least hesitation in placing it under the genus Entalophora. In the 
Tertiary species, however aged the colony might be by calcareous in- 
crustations, in some patch I should be able to detect the rugose 
markings or the punctures peculiar to this and other genera of the 
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Cyclostomata. In the Silurian species there is not the least indi- 
cation of these markings or punctures. 

Good specimens of the species are comparatively rare. I have only 
found about twenty specimens; and no two of these are exactly 
alike. Yet there is a general likeness in the whole group of speci- 
mens ; and in the character and structure of the cell an easy com- 
parison may be made with Spiropora reqgularis. It seems to me 
that the species I am now describing is to some extent an abnormal 
form, which has become constant within a very limited area, and 
taken the place of S. regularis in these beds, to some extent at least. 
I found a few small fragments of this last species in this and in 
another washing; but the specimens are true to the characters 
already ascribed to the species. It would perhaps be better to speak 
of S. entermedia as a variety of the other. In this case it would be 
necessary to have some indication that such was the fact; but of this 
I have no evidence, except that the non-exserted cells have a specific 
likeness in some parts of the zoarium. Both in the general habit 
and the characters of the two species they are individually and 
collectively distinct. SS. regularis hardly ever varies either in the 
arrangement of the cells or in the mode of branching. This one 
varies considerably in the cell-arrangement; and the branching, when 
present, is different. 

Locality. No. 25. Tickwood Beds. 


9, DIAsToPoRA consimitis, Lonsd. 


Aulopora consimilis, Lonsd. Silurian Syst. pl. 15. fig. 7. 

Diastopora consimilis, Lonsd. Siluria, 1859, 3rd ed. 

In plate 15. fig. 7, of the ‘Silurian System,’ Lonsdale placed amongst 
the corals the above species, leaving the genus as doubtful (Aulo- 
pora?) with the remark “ probably a Bryozoon.” His description 
of the species is :— 

“ Encrusting, tubes round, close together, radiated, bifurcated ; 
opening circular, raised, margins thick. » 

‘“‘Similar to Aulopor a compressa, Goldf., found in the Gales 
series of Germany. Locality and formation, Wenlock Limestone” *. 

This comparison with the species of Goldfuss is very exact; and 
if I were dealing with an Oolitic Diustopora I should have little 
hesitation in confirming Lonsdale’s reference. 

In my British-Association Report on Silurian Polyzoat, I have 
made a reference to Lonsdale’s species, and I have also described a 
specimen submitted to me by Mr. Longe. Since this was written I 
have discovered a fragment of shell nearly triangular in shape, three 
and a half lines in breadth by three lines long, covered by a portion 
of what has apparently been a large colony. I have therefore made 
the following diagnosis from that fragment alone. 

Zoarium of unknown dimensions, incrusting by a single layer a 
fragment of shell. Zowca tubular, regular, elongate, in series, the 
proximal end of the cell rather narrower than the distal; cells 
contiguous, but each separated by its own wall. Orifice circular ; 

* «Silurian System,’ descriptive text of pl. 15. t York, 1881. 
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peristome slightly raised and thick, which causes a slight constriction 
of the aperture of the cell. Measured as nearly as possible across 
the mouths, about six, or six and a half, cells occupy the space of a 
line ; in a longitudinal direction about two and a half cells occupy 
the same space. 

Locality. Buildwas beds (no. 40); Dudley Limestone, Lonsd. ; 
ditto, Mr. Longe (descr. Brit. Assoc. Rep. 1881); Lower Ludlow (?), 
Ledbury *. 

Affimties. It is a difficult matter to make any comparison with 
either Goldfuss’s figures or description. On the supposition that 
the magnified figure (tab. 38. fig. 17, Petref. Germ.) of Aulopora 
compressa is enlarged about sixteen times, that would give for the 
natural size about two and a half cells to the line, a measurement 
in nearly every way similar to D. consumilis. As regards facies, 
there is a very close resemblance between the Silurian and the 
Oolitic species. In admitting so much, I do it with very great 
reluctance; but I cannot speak authoritatively without having the 
means of comparing the fossil described by Goldfuss. Independent 


_ot this, I know of no other species of Paleozoic Polyzoa, excepting 


the Stomatopore previously described, that bears so close a resem- 
blance to the Diastopore of the QOolite. However we may be 
disposed to regard this association of types, either favourably or 
unfavourably, there can be no question that we have in Diasto- 
pora consiemilis a true tubular Doastopora; and all the Berenicea 
type of Polyzoa in the Silurian, and even in the Carboniferous rocks, 
will have to be placed in a different genus. Apparently there is 
some slight resembiance between this species and <Alecto confusa, 
Nich. (pl. 11. fig. 47). The specimen incrusting a coral in the 
cabinet of Mr. Longe (Brit. Assoc. Rep., Silurian Polyzoa, 1881) is 
very closely allied to Nicholson’s species, much more so than the 
specimen described above. As I cannot, however, separate the 
specimens found in our Wenlock series, I think it best to allow the 
reference to remain upon record in the hope that some at least of 
the American paleontologists will be able to establish the affinity, if 
such be possible. There is, judging from material in my possession, 
a very close relationship between American Silurian and our own 
Wenlock species, not only in the Polyzoa but in species of the 
Alveohtes and also of the Monticulipora types. 


Crriopora, Goldfuss. 


1826. Ceriopora, Goldfuss, Petrifactions of Germany, pp. 33, 215. 

This genus was established by Goldfuss; but it has been broken 
in upon by authors, and many of the species have been placed in 
other genera, such as Alveolites and Monticulipora. There are, 
however, species in the Silurian shales that evidently belong to the 
Polyzoa ; and Milne-Edwards, in his ‘ Silurian Corals,’ refers two spe- 
cies to this class. They are as follows :— 

10. “ Favosrres? ocuzata, M‘Coy, Brit. Pal. Fos. p. 21 (Ceriopora 


* School-of-Mines Catalogue, p. 119. 
t Ann. & Mag. Nat. Hist., February 1875, 
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oculata, Goldfuss, Petr. Germ. vol. i. tab. lxiv. fig. 14), appears to 
appertain to the class Bryozoa.”—Silurian Corals, p. 261 (1854). 

11. “Srenopora? ¢Ranvtosa, M‘Coy, Brit. Pal. Fos. p.26 ( Ceriopora 
granulosa, Goldfuss, Petrif. Germ. vol. i. tab. lxiv. fig. 13), is a fossil 
coral from Dudley, which appears to belong to the class Bryozoa,.”— 
Silurian Corals, p. 269 (1854). : 

In addition to the above, Milne-Edwards in reference to the genus 
Cemtes says:—‘‘It is not without some hesitation that we place 
Cemtes in the class of Polypi, the form of the calices resembling 
very much what is met with in certain Bryozoa. In the present 
state of our knowledge concerning the structure of these fossils, their 
zoological affinities cannot be determined with certainty ; but we are 
inclined to think that they are allied to the Favositide.”—Stlurian 
Corals, p. 276 (1854). 


Figs, 9 & 10.—Hornera? crassa, Lonsdale. 


9. Portion of zoarium: x 12. 10. Four cells enlarged, to show the position of 
a lateral secondary pore, which is sometimes placed on one, sometimes on 


the other side. Some few of the cells are without the secondary pore: 
OT 


12. Hornpra? crassa, Lonsdale, Silurian System, pl. 15. figs. 13, 
13a. 


Polypora crassa, ‘ Siluria,’ Morris’s Catalogue. 

Polypora crassa, Cat. Cambrian and Sil. Foss. School of Mines. 

‘‘ Branches short, thick, flat, dichotomosed ; opening of cells large, 
elevated, and irregularly disposed on one side, opposite side striated. 
Internal structure not ascertained.” 

This is Londsdale’s diagnosis of the above species, figured in the 
‘Silurian System,’ and again in‘ Siluria.’ It is found in the Wenlock 
Limestone of Dudley. In the School-of-Mines Catalogue it is given 
as Polypora crassa, Lonsdale, and also as P. crassa in Morris’s Cata- 
logue; and as Polypora it is generally accepted by authors. 

The genus Polypora was founded by M‘Coy in 1844; and it is 
made to include Lonsdale’s species as well as species described by the 
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author. M‘Coy says :—‘ Interstices [branches] connected by thin, 
transverse, non-poriferous dissepiments”*. ‘This is the distinctive 
feature of Carboniferous and Devonian species, but not of the type 
included in the genus found in the Silurian rocks and shales. The 
Silurian Hornera?, then, of Lonsdale, is clearly not a Polypora. 

The genus Thamniscus, King, in the absence of fossils on which I 
could more safely rely, I cannot understand. If fig. 9, pl. 5, of 
his Permian Fossils, stood alone, I should have no difficulty in 
identifying H. crassa, Lonsdale, as a species of the genus Thammniscus, 
King: fig. 8 is a worn specimen; but that toois pretty clear. If, 
however, we are obliged to accept the anomalous characters depicted 
in figs. 10, 11, 12 as types also of the genus, then we have clearly to 
deal with more than one suborder. As at present understood, it is 
not wise to place the species described by Lonsdale in the genus 
Thamniscus, King. 

In describing Carboniferous Polyzoa, Messrs. Young of Glasgow 
have placed in this genus a species + having a very peculiar branching. 
In doing this they must rely upon evidence that, unfortunately, I 
do not possess. I have therefore figured my best fragments in the 
hope that better specimens than I possess will be forthcoming, and 
that the characters of both the genus and the species may be 
redefined £. 

Locality. Dudley, Tickwood beds. 

I have several fragments of another very delicate species belonging 
to the same genus, whatever it may, in the future, be called; I can- 
not regard this delicate species as the same, even in a young state, 
as the one described by Lonsdale. I have fragments of both; and 
they differ in many particulars. I shall therefore temporarily place 
it in the same genus which Lonsdale gives. 


13. Horner ? DELICATULA, sp. 0. 


Zoarium delicate and irregularly branching dichotomously, but 
not in one plane. Zocwca disposed in diagonal lines, but rarely 
exceeding three; the marginal cells slightly indent the margin. 
Orifice of cells round when perfect, pyriform or oval when worn ; 
peristomes raised, and the interspaces between the cells filled up 
apparently with wavy lines; but in section the ccencecium is filled 
in the interspaces between cell and cell with minute pores. Zowcia 
rather more separated, comparatively speaking, than in H.? crassa ; 
and six cells occupy one line measured perpendicular to the base. 

Locality. Basement beds of Buildwas beds, no. 22. 

This very minute species is the smallest in individual character of 
all the Paleozoic branching Polyzoa with which I am acquainted. 
The character of the zoarium, the mode of branching, and general 
habit of the species is well shown. I have not found the larger 


* Syn. Carb. Foss. of Ireland. + ZT. Rankini, Y. and Y. 

t Since this was written, I learn from Mr. Shrubsole, F.G.S., that in all 
probability he will be able to establish the genus Thammniscus, King, on a more 
solid basis than it rests upon at present. If so, then the species described by 
me as Hornera? crassa and H.? delicatula, Vine, may find a proper resting-place 
in the family Thamniscide, King. 
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species of Lonsdale in these lower beds; neither have I found any 
ally of the smaller in the higher beds. My fragments of both species 
show the mode of growth of H.? crassa ; and also of H.? delicatula ; 
and these are different in their origin and also in their mode of 
development. 


14. Potypora? PROBLEMATICA, sp. n. 


I have in my cabinet several specimens of a most peculiar type; 
but whether to callit a Polyzoon or an Actinozoon is to me a puzzle. 
Salter was well acquainted with the organism; but I believe he 
left it unnamed amongst the Cambridge fossils. 

Zoarium dendroid, with a strong base. Zowcea on one side 
irregularly oval, contiguous, but having distinctly individual walls 
to each cell, though to all appearance the walls are inseparable: on 
the reverse of the zoarium spaces are striated, some of which striz 
enclose a slightly elongated nucleus having a similar appearance to 
that found in the reverse side of species of Hornera. Iam unable 
to associate it with any known species of Phyllopora or Polypora. 

Localities. Buildwas beds and Tickwood beds. 


FrnestEtta, Lonsdale, 1839. 


15. F. prisca, Lonsdale. 
F. Londsdalei, d’Orb. of authors. 


This genus has been ably reviewed and revised by Mr. G. W. 
Shrubsole, F.G.S., in three papers read before the Geological Society*. 
In his paper on British Upper Silurian Fenestellide (May 1880), 
the author writes very correctly about /. prisca, Lonsdale. From 
the details and figures furnished by Lonsdale it is impossible to 
form a correct idea respecting this species; and d’ Orbigny seems 
to have added but little to the details after changing the name. So 
far as these authors are concerned, Mr. Shrubsole did perfectly right 
in striking this, with others, off the list of our described Fenestelle. 
I have, I have not the least doubt, specimens of the species de- 
scribed by Lonsdale as F. prisca, and figured as such in pl. 15, ¢ Sil. 
System.’ The specimens are about the same size, 152 15°; but they 
are so incrusted by coral growth that I am not at all surprised 
that both the coral growth and Fenestella growth should form parts 
of the diagnosis of Lonsdale. When any part of the zoarium is free 
from the parasite, the real number of cells on each side of the 
fenestrule is three. These are separated by a keel which looks like 
a dark line passing along the centre of the branch. The dissepiments 
are deeply set; but the most characteristic feature is, for a specimen 
so small, the strongly-rooted base. The described species of Fenes- 
tella which form the substance of Mr. Shrubsole’s second paper are 
from Wenlock Limestone. My specimens are from No. 25, Tickwood 
beds, of the Wenlock Shales. So very scarce are even fragments 
of Fenestella in these shales that I cannot forbear giving the 
specimens I have found prominence in this report on the organisms 
of the Wenlock Shales. 

* Quart. Journ. Geol. Soc. May 1879, May 1880, May 188]. 
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GiauconomE, Goldfuss, 1826. 


In 1849 Mr. King very wisely discussed the impropriety of accept- 
ing the Glauconome of Goldfuss as a genus of Paleozoic Polyzoa. 
He says “‘the genus was typified by a Tertiary-like Cellaria-salicorma 
G.marginaia..... In this case the name Glauconome becomes 
obsolete.” ‘To take in such forms as Retepora pluma and the Glau- 
conome of M°Coy, Mr. King founded the genus Acanthocladia. 
Seeing that the type G. disticha, Goldfuss, was accepted by Lons- 
dale, and has since been generally accepted by authors, and not 
the G. marginata, Munster, it seems to me that Glauconome ought to 
keep its place in our literary history. Acanthocladia too is neither 
a Silurian nor a Carboniferous typical genus. It is applicable for 
Permian, not for earlier types. 

1839. Restricted by Lonsdale, ‘Silurian System.’ 

This genus founded by Goldfuss, was originally intended for 
species of Cellarza which were figured and described by Munster in 
the Petr. Germ. tab. 36. figs. 5 to 8. The placing under the 
generic description a species of Silurian Polyzoa by its autbor is 
sufficient to redeem it from oblivion. The diagnosis, as furnished by 
Goldiuss, is useless ; and we are obliged to accept the restricted defini- 
tion originally given by Lonsdale, but somewhat modified by M, 
Coy. 

te Zoarium strong, thin, laterally branched, bearing longitudinally 
disposed cells. Branches not united by transverse dissepiments: 
reverse striated.” 


16. GuavconomME DistIcHA, Goldfuss. 


Zoarium branched, the branches diverging nearly at right angles, 
both from the central stem, and from the lateral branches: four 
rows of long quadrangular cells on one side, the opposite side striated. 
(<Sil. System,’ pl. 15. fig. 12.) 

The above is Lonsdale’s description of the specimens found in the 
Wenlock Limestones. The description of Goldfuss is somewhat 
different; but the types described by the two authors are the same 
(Petr. Germ. pl. 65. fig. 15, p. 217). 

This species is present, but not very widely distributed, in the 
shales. In the Tickwood beds, in the washing marked 25, it is rather 
plentiful; but fragments are not what may be called abundant even 
here. The only other shales in which I have found any quantity of 
specimens are 24 and 46; and these are washings of shales from over 
the Wenlock Limestone. 


Prinopictya, Lonsdale. 


1839. Pilodictya, Lonsdale, ‘ Silurian System,’ descriptive text of 
pl. 15. 


This genus was founded by Lonsdale for a most peculiar group of 
Polyzoa which were very widely distributed in the Silurian rocks, 
and survived in some places even into the Devonian. The type 
of Lonsdale’s genus is a Flustra of Goldfuss ; and his species is found 
in the Wenlock Limestone. 
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17. PrimopicTyA LANCEOLATA. 


Syn. & ref. Flustra lanceolata, Goldf. 
Prtilodictya lanceolata, Lonsd, Sil. Sys. pl. 15. figs. 11-11 e. 


Zoarium long, narrow, flat, slightly curved longitudinally, and 
thin, gradually diminishing to a fine edge; middle cells narrow, 
small, in about ten rows; lateral cells larger and arranged in rows 
slightly arched from the middle to the edge; the cells themselves 
placed obliquely both with respect to the middle of the zoarium and 
the arch*. 

Locality and Formation. Wenlock Limestone, Dudley. 

This type species of the genus is a very fine one; but it is 
questionable whether all the small fragments are referable to this 
species. Lonsdale himself had his doubts ; for he says “ fragments of 
probably young specimens are occasionally found in the Wenlock 
Limestone.” 

In the *‘ Wenlock Shales’ localities will be given. Ihave founda 
number of fragments of two species of this genus. By far the largest 
numbers of these fragments I am unable to identify with the de- 
scription or figures given by Lonsdale ; yet I have not the least doubt 
that these are the Ptilodictya lanceolata of authors, and also of the 
Catalogue of Cambr. and Sil. Foss. in the School of Mines. From 
the Upper Llandovery to the Wenlock Shale, Mr. Newton gives 
three references—two to Ptilodictya lanceolata, Lonsd., and one to 
P. scalpellum, Lonsd. As no other references are given, I think I 
may fairly conclude that these specimens of the Shales would 
ordinarily be referred to P. lanceolata, Lonsd. There is, however, a 
considerable difference between the Wenlock species and this. Under 
these circumstances it will, I think, be better to rename and rede- 
scribe one of the two species found in the Shales. 


18. PriLopiIcTyA LONSDALEI, sp. n. (Figs. 11-13.) 
P. lanceolota of authors: “* young specimens,” Lonsd. 


Zoarium thin, when full-grown lance-like, one edge of which is 
slightly convex: base rooted (?) either to some foreign object or to 
a parent zoarium; margins non-celluliferous, but not solid, composed 
of a loosely compacted ‘“ endocystal” layer. Zocwcia on both sides, 
separated, but not by a laminar axis?; the rows of cells divided by 
bars which bifurcate at intervals. ‘Two rows of cells, rather longer 
than wide, occupy the central area, giving off on each side from two 
to seven laterally oblique rows. This character is only seen in 
sections: externally all the rows of cells, from four to sixteen, appear 
to be longitudinally placed. Aperture of zocecia ovate, and nearly 
as large as the subtubular cells. About six zocecia occupy the space 
of a line measured longitudinally ; and about eight rows, including 
the bars, occur in the same space in a transverse direction. At the 
distal corners of all the cells there are small openings, ranging in 
character from circular to ovate, especially towards the margins of the 
zoarium. ‘This is one of the most constant characters of the species. 


* Lonsdale, ‘Silurian System,’ descriptive text of pl. 15, slightly altered. 
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Figs. 11-13.—Ptilodictya Lonsdalei, Vine. 
12 


11. Section nearly parallel to the central axis, showing the marginal cells, and 
the compressed perpendicular cell: x_ 20. 

12. A portion of the same, further enlarged: x 40. 

13. A portion of the non-poriferous margin of another section: x 40. 


Localities. Though rare in some of the washings, more or less 
abundant in all the shales below the Wenlock Limestone. Very 
rare, though I have found a few fragments, in the shales No. 46 
over the Wenlock Limestone. 

Affinities. This species resembles to some extent P. flagellum, Nich. 
(Ann. & Mag. Nat. Hist. March 1875, pl. xiv. figs. 3,3”), except in the 
tlexuous character of the base. ‘There is a slight difference in the 
measurements of the two species; and Nicholson does not allude to 
any distal openings, while these are a marked feature in P. Lonsdalev. 
I have not specimens for comparison ; but I have not the least doubt 
that it will be found that the Llandovery and Wenlock P. lanceo- 
lata may be placed here. My only objection to describing the frag- 
ments as typical of Lonsdale’s species is that the Wenlock Limestone 
type is altogether different and considerably larger. Under these 
circumstances I dedicate the species to Lonsdale’s memory. 

In the description of this type I have indicated the function of 
the “non-poriferous margins” of Pilodictya by speaking of them 
as the “endocystal layers.” Taking the endocyst and the ectocyst 
together, the latter being only a structureless excretion from the 
endocyst charged with a protective function *, it may be well to direct 
attention to this physiological feature. 1 have ascertained that the 
enlargement of the colony of Pélodictya takes place at the distal 
openings and also at the margins. After a time enlargement at the | 
distal openings becomes abortive, and these indications of a function 
remain as ornaments only. It is different on the margins; here 
life is more active, and enlargements take place on the younger por- 


* Hincks’s Brit. Mar. Polyzoa, p. x. 
Get. Gibs No. 149. F 
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tion of the growing colony; but even here it seems to me that much 
of this marginal growth also becomes abortive after a time, and it, 
too, remains as ornament. It may be wise to extend these remarks 
so as to elucidate facts connected with the zoarium of other species 
as well; but this would be out of place in a general paper. I have 
referred to the subject for the express purpose of drawing to it the 
attention of biologists and paleontologists. I refuse to say cells 
“ separated by a thin laminar axis” because this is not so in this 
species at least. The “axis,” if such it may be called, is formed 
by the bases of the cells, both in transverse and in longitudinal 
section. I have it on the authority of Mr. John Young of Glasgow 
that some of the rough fractures of Péilodictya from the Scottish 
Silurian Series show the wrinkled septal layer which intervenes 
between the two layers of cells. There are also specimens in the 
School of Mines which show the same wrinkled aspect; and Professor 
Nicholson makes a point of showing this septal layer in nearly all his 
species. This being a matter of extreme importance, I shall return 
to its discussion at some future time when other investigations 
which I am making are completed. 


19. PrimopicryA sCALPELLUM, Lonsdale. 


Eschara scalpellum, Lonsd. Descriptive Text of Sil. Syst. pl. 15. 
figs. 25-25 a, p. 679. 

Zoarium lancet-shaped. Zoacia more or less oval, nearly oppo- 
site on the two surfaces; outer rows, cells smaller and more distant 
than in the other rows: edge of zoarium, when perfect, solid, faintly 
striated and sharp; outer covering and opening of cells unknown. 

Locality and Formation. Wenlock Limestone, Dudley. 

The above is a slight modification of Lonsdale’s description of 
Eschara scalpellum, which, vy general consent is placed in the genus 
Ptilodictya. In his remarks he says that his species “is placed in 
the genus Hschara on account of the apparent thickening of the sur- 
face of the outer cells, and the cells being nearly opposite on the 
two sides. In some specimens the thickening of the surface of the 
outer row is so great as nearly to obliterate the opening of the 
eells.”’ 

I have copied nearly the whole of Lonsdale’s diagnosis and re- 
marks, on account of the minute details which he gives. I am not 
acquainted with specimens from the Wenlock Limestone, Dudley ; 
and the Upper Llandovery specimen in the School of Mines is only 
a cast. The several fragments which I have found in the shales 
undoubtedly belong to this species. One character of the genus 
Ptilodictya is present; otherwise there would be a difficulty in placing 
it in the genus. This is the divergent arrangement of the outer 
cells obliquely from the middle longitudinal cells. As Lonsdale says, 
there is around the openings such a mass of thickening material 
that the true area cannot be seen to advantage. The margins of 
the zoarium are solid; and in sections the structure is different from 
that of P. Lonsdale. Not having other species of a similar nature 
to compare it with, I leave it temporarily with Ptilodictya. 
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Localities. Buildwas beds, No. 38 only ; Coalbrookdale beds, very 
rare fragments; Tickwood beds, No. 25 and No. 42. 


Fig. 14.—Ptilodictya interporosa, Vine. 


A portion of the branch of one specimen, showing the central and lateral 
arrangement of cells with the intercellular spaces filled with smaller open- 
ings: xX 12 


20. PrimopIcTya INTERPOROSA, sp. n. (Fig. 14.) 


Zoarwum consisting of a thin, narrow, branching frond of unknown 
extension. Zowcia arranged in two orders ; the median row, or 
rows, May or may not be perpendicular to the base, and may con- 
sist of from one to four rows; for this character is very variable : the 
lateral rows are oblique, extending to the margin of the zoarium, 
which is rather sharp-edged, but without any marginal striz: cells 
oval, slightly compressed in the middle, rather larger towards the 
margin. The whole of the cells are surrounded by minute openings 
(“interstitial tubules” *) which, becoming filled in, in the older 
growth of the colony present the appearance of a minutely granular 
peristome to the cell. About four cells, with their “ interstitial 
tubules,” occupy the space of a line in either a longitudinal or oblique 
direction, and about six transversely. The compressed character of 
the median rows in one specimen alters this measurement slightly ; 
but the clearly defined character of the cells of this species is 
unmistakable. 

Locality. Tickwood beds, No. 42. 

This beautiful species is founded upon ten fragments, the longest 
of which is not more than a quarter of an inch in length. The 
characters, however, are so distinct and so unlike those of any other 
Prilodictya that I know of, that I cannot do otherwise than describe 
it as new. At first sight the specimens may be mistaken for a Fis- 
tulipora, M°Coy; but although hundreds of fragments of Fistulipora 
are found in the same beds, only the ten specimens of this, as above- 
named, have been found. The orifices of the cells of P. interporosa 
are distinctly oval; in Istulipora they are circular; and in the 
zoarium of this latter species there are non-cellular spaces which 
are filled in with interstitial tubuli of a most marked character. In 

* Of Nicholson. 
FZ 
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P. wnterporosa there are none of these spaces: there are single 
rows surrounding each orifice, very rarely more; but occasionally 
the rows are double in some few of the interspaces. Again, none 
of the cells of Fistulipora are arranged im series; in the species 
described above they are distinctly serial, either perpendicularly or 
obliquely. 

Ptilodictya cosciniformis, Nich. (Geol. Mag. 1875), is the only 
species with which I can compare P. interporosa; but in size and 
habit the American species is so different from our own, that there 
seems to be no natural affinity between them. Again, the species 
described by me has only four cells to the line ; in Nicholson’s species 
Six or seven cells, measured diagonally, occupy the same space. And 
although in P. coscintformis, Nich., “the interspaces left by the op- 
position of the oval cell-mouths are entirely filled by very minute 
interstitial tubuli,” there cannot be any bos , even in fragments, 
of confounding one with the other. 


21. Prinopicrya, sp. 


I have a few fragments of another well-marked species, but not in 
such a state of preservation as will allow of detailed description. 
Still, if I describe it to the best of my ability, it may be that other 
workers may recognize the type and in their researches obtain better 
specimens than I can boast of. 

Zoarium a thin flattened frond of unknown dimensions. Zoacia 
arranged in two series, but with no distinct median row or rows. 
The two series seem to rise from a common point, then bending, one 
series to the right, and the other to the left, with a slight curve. 
Orifices of the cells very minute; ten of them occupy a line. 

Locality. Tickwood beds, No. 25. 

If this species has not been previously described, I would suggest 
for it the name of Péilodictya minuta. 

Other very doubtful species of Silurian Polyzoa which I have 
found in these Shales 1 shall have to rework. At the present time 
I cannot do more than say that there are still a few undescribed 
forms left. 


I have endeavoured, in the above paper, to give as few microsco- 
pical details as possible, because these seemed to me to be rather out — 
of place. I cannot, however, let the paper pass beyond my control 
without saying that every species recorded has been examined macro- 
scopically and microscopically. The sections prepared have revealed 
many unexpected features that will help to throw some light at 
least upon the development of the Polyzoa generally, and upon the 
biological history of the Silurian Polyzoa in particular. 
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5. On the Genus Stoticzxarta, Dune., and its Distinctness from Par- 
KERIA, Carpenter. By Prof. P. Marrmy Duncan, M.B.Lond., 
F.R.S., F.G.S., Pres. Royal Micr. Soc. (Read November 2, 
1881.) 

| Puats IT.] 


Tue last scientific work of Stoliczka, whose name will be always 
associated with the paleontology of India, was performed during the 
return of the second Yarkand expedition. A few days before his 
death he crossed the Karakoram Pass, and, travelling on, traversed 
the last geological scene he ever described. He wrote in his jour- 
nal :—‘‘ At last we descended into a narrow gorge, the sides of 
which, for fully a mile, consisted of a limestone conglomerate, the 
boulders of white, grey, or black limestone being well rounded and 
worn, and cemented together by a stiff bright red clay. Upon this 
followed dolomitic limestones, rather indifferently bedded. massive and 
white ; and these were overlain by bluish shales and well-bedded 
limestones extending from about six miles north of Burtri to the 
camp. The lmestones appear to be Triassic; they are compact, 
with layers full of small Gasteropods, among which I noticed a 
Nerinea. The so-called ‘ Karakoram stones’ occur in dark shales 
below the limestones, which are capped by a yellowish-brown lime- 
stone, well bedded, but of unascertained age. ‘The whole series dips 
north-west at a moderate angle’. 

It is to a group of the Karakoram stones that I venture to draw 
the attention of the Society. 

The stratigraphical position of the stones is lower than the Lias ; 
and they may be Rheetic or Triassic in age. 

The stones had been objects of curiosity in India for many years 
before their exact locality was discovered; and their spherical and 
spheroidal shapes had attracted much attention. A specimen was 
given to this Society many years ago by Col. Godwih-Austen, F.R.S., 
and isin our museum. No careful examination of any of the nu- 
merous forms of the spherical stones was made, however; and in 
1878, Mr. W. 'T. Blanford, F.R.S., asked me to investigate the fossils, 
and to write their description in a memoir, which was to be included 
in the ‘ Scientific Results of the Second Yarkand Mission.’ My work 
was completed and the book was published in 1879. 

The Karakoram stones were, after as careful an examination as [ 
could give them, placed in the class Rhizopoda, in anew order, the 
Syringospheeride ; and the typical form was placed in a genus Syrin- 
gospheria. Five well-marked species were described as belonging 
to this genus. 

A very large specimen, the only one of its kind, was not cut into; 
nor were microscopic preparations made of it. But subsequently, 


* See extract from Stoliczka’s last diary, ‘ Scientific Results of the Second 
Yarkand Mission,’ Karakoram stones, page 2: Calcutta, 1879. 
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and in time for publication, sections of it were made; and it then 
became evident that, had I attacked this specimen first of all, many 
of the very considerable difficulties which attended the investigation 
of the whole group would have been lessened. This large sphe- 
roidal specimen turned out to be one of the Syringospheride ; but 
its structures did not come within the generic idea of Syringospheria. 
Its structure was remarkably simple, and presented many micro- 
scopic beauties of detail. 

The form was placed in the new genus Stoliczkaria. 

Some time after the book to which I have already referred was 
published, doubts were entertained whether the Karakoram stones 
were separable from that group of great spherical and spheroidal 
Foraminifera embracing the genera Parkeria and Loftusia, which was 
so ably described by Dr. Carpenter and Mr. Brady in the Phil. 
Trans.* vol. clix. pt. 1i. The shape of many of the specimens of the 
Syringospheeridze was noticed to be the same as that of Parkeria; 
and the similarity of the external ornamentation was in some in- 
stances very great, to the naked eye. 

Although the distinctness of the Indian and English forms was 
always evident to me, and the non-arenaceous nature of the inner 
parts of the Syringospheeride was without doubt, I felt the necessity 
of very carefully reconsidering my work and decisions, especially 
as specimens of Parkeria have been lent me by Prof. H. G. Seeley, 
F.R.S., and Dr. Millar, F.G.S8., the fossilization of which is mainly 
calcareous, and as in some of the doubtful fossils interspaces exist. 

The following are the diagnoses of the order Syringospheride, and 
of the genera Syringospheria and Stoliczkaria. 


Order SYRINGOSPHAERIDL.+ 


Body free, spherical or spheroidal in shape, consisting of numbers 
of limited more or less conical radiating congeries of minute, 
continuous, long, bifurcating and inosculating tubes; also of an 
interradial close or open tube-reticulation arising from and sur- 
rounding the radial congeries. Tubes opening at the surface on 
eminences and in pores, and ramifying over it. Tubes minute, 
consisting of a wall of granular and granulo-spiculate carbonate of 
lime. Coenenchyma absent. 

The presence of pores on the surface of some forms of the order, 
and their absence in others, and the nature of the interradial reticu- 
lation in the poreless kinds, necessitate the division of the order into 
two genera. | 


Genus SYRINGOSPH ARIA. 


Body large, symmetrical, nearly spherical or oblately spheroidal, 
covered with large compound wart-like prominences with inter- 
mediate verrucosities, or with compound monticules having rounded 


* “ Carpenter and Brady on two gigantic Types of Arenaceous Foraminifera,” 
p. 721, vol. for 1869. Parkeria and Loftusia. 

t ‘Scientific Results of the second Yarkand Mission’ (published by order of 
the Government of India, Calcutta 1879), page 10. 
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summits, with solitary eminences between them, or with close 
broadly rounded tubercles, or with minute granulations. Rounded 
or oblique or linear depressions occur on the surface, usually between 
the eminences, but sometimes upon them ; they are shallow and are 
bounded by tubes, some of which open on their floor. The surface 
has tubes opening on it from the internal radial series, and also 
from the interradial tube-reticulation ; also masses of tubes running 
over it, converging on the eminences, and more or less reticulate 
elsewhere. 

Radial congeries of tubes numerous and defined; and the inter- 
radial tubulation is open or close and varicose. 


Genus SToLiczKARIA. 


Body very large, symmetrical, oblately spheroidal, covered with a 
great number of minute distinct granulations, which are circular at 
the base, short and rather flat where free, and which are separated 
by an amount of surface about equal to their breadth. No pores 
exist. Tube-openings occur on the granulations; and tubes, with 
or without openings, converge to their surface and cover the inter- 
mediate surface. The tubes opening onto the centre of the surface 
of the granulations are terminations of the very numerous radial 
series, and are small; and the others, which are larger, belong to 
the closely packed varicose and much contorted interradial series. 
The body within consists of a vast number of small, not very conical, 
but rather straight, radial series, whose rather distant tubes give off 
minute offshoots to the surrounding convoluted and varicose large 
tubes of the close interradial series. No ccenenchyma can be dis- 
covered. 

The species Stoliczkaria granulata, mihi*, is characterized by 
having a symmetrical spheroidal body, and by the minute eminences 
on it giving a granular appearance to the whole. These low granula- 
tions (Plate IT. fig. 1) are usually circular in outline, and flat normally 
at the free end, and they merge into the substance of the periphery 
at their base. They are about --4,, inch in breadth, and may be of the 
same height. Sometimes the bases of several are continuous, and a 
ridge is formed. In a few places the granulation is absent; but a 
circular marking denotes its former position. Rather large tubes are 
on the outside and flanks of the granulations, and they open at the top 
all around a central portion. This inner or central part of the pro- 
jection shows the ends of afew small tubes and much space occupied 
by infiltrated calcareous matter. The large outer tubes pass down- 
wards onto the surface of the body between the projections, and dip 
into it and are surrounded by a number of open tube-ends and occa- 
sional tube-reticulation. When a projection has been worn off, the 
central small tubes are still seen on the surface to be surrounded 
by a ring of larger ones; and between the positions formerly occu- 
pied in this manner there are spaces full of the ends of large tubes 
passing from within outwards (Plate IJ. fig. 2). 

Sections of the body, made tangentially, show a number of small, 


*) Ops cetps 16, 
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separate, circular or stellate structures surrounded by a dense tubu- 
lation, which may be convoluted here and there. 

The circular structures are continuations of the granulations ; or 
rather the granulations are the ends of the circular systems. In the 
section the central space of each system is occupied by from four to 
Six or seven small tube-openings and by clear calcite. These small 
tubes, the terminal openings of which are seen on the tops of the 
granulations, are about -+, inch in diameter. They are connected 
together by a few small tubules which stretch across the space now 
filled with calcite; and they also give forth tubes which open into 
geniculate or elongated processes of the larger tubes of the inter- 
radial series environing them. The surrounding, large, interradial 
tubulation is very distinct; and the circular openings produced by 
sections of the tubes are from 51, to ;4, inch across. Outside of 
the circular ring of the system is a mass of these tube-openings and 
tube-bendings ; and the tubes communicate with larger long and 
short tubes and with those forming the circular ring. The sections 
of some of the tubes of this circular ring present a flask-shaped 
outline, the projection being inwards, and it ends in a tube which 
joins asmall inner tube of the radial series. (Plate II. fig. 2.) 

Radial sections present a totally different appearance. Made close 
to the surface and implicating rows of the projections, the small 
tubulation, distant and surrounded by calcite, is noticed to run up 
in a radial direction through the body into the middle of the 
projections. This radial system of tubes is very distinct; and on 
either side are the much larger tubes, either straight in their 
course or greatly convoluted, close, inosculating and bifurcating fre- 
quently. These tubes form the wide interradial systems, and reach 
the surface, some on the flanks of the projections, and others on the 
intermediate surface. (Plate II. figs. 3, 4, 5.) 

The radial direction of each individual interradial tube is most 
distinct near the surface. 

Radial sections made nearly halfway through the fossil show 
this same repetition of radial and interradial parts. The general 
appearance is of numbers of radii of minute tubes surrounded by 
wider radii of large and contorted tubes, the radii, of course, con- 
verging to the centre. 

It is evident that the tubes of all kinds increase in number from 
the centre to the circumference of the body by frequently repeated 
bifurcation ; and hence the number of systems increases. 

The tubes are bent, often at right angles, and sometimes seem to 
terminate in blind ends; but there is always a connexion close by 
with a neighbouring tube. The radial and interradial tubes are well 

separated throughout; but occasionally a large tube transgresses on 
the central space, and some small radial tubes are double their 
normal size. (Plate II. figs. 4, 5.) 

The continuity of the tubes from the centre to the circumference 
is undoubted. Clear or slightly coloured calcite is seen between the 
tubes; but it is structureless, and no ccenenchyma appears to have 
existed. The structure of the tube-wall is very minutely granular, and 
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is of carbonate of lime. A slight organic residue is left after treating 
with strong hydrochloric acid; and a ferric oxide is also present. 

Here and there only, and not universally, interspaces occur. They 
are elongate, narrow, almost structureless parts; and they occur in 
the position elsewhere occupied by the small radial tubes or in that 
of the interradial tubes. 

Some of these spaces are filled with drusy-looking carbonate of 
lime, which polarizes well ; and others contain towards the centre of 
the whole body a projection which resembles broken-down tubes. 
In some there are indications of tubes passing along the sides of the 
space. m 

The height of the body of the type is 2,3, inches, and the breadth 
is nearly 3 inches. 

In comparing this form with Parkeria, it is necessary to consider 
the anatomical characters given by Carpenter and Brady of the in- 
teresting fossils from the Cretaceous rocks. For in external appear- 
ance (but not in structure) the Syringospheride resemble the genus 
Parkerwa. The spherical and spheroidal shapes are common to both 
groups; and so are the granulate, plain and mulberry-like outer 
configurations. 

In Parkeria there are a radial series of large and often solitary tubes, 
a system of interspaces in concentric series, and a labyrinthic struc- 
ture of irregularly shaped chamberlets communicating with each 
other and cancellous in appearance, and occasionally simulating short 
tubes. 

The interspaces are traversed by one or more large radial tubes; 
and the floor of each interspace towards the centre of the body is 
made up of the minute chambérlet structure, the openings of which 
communicate with the interspace beyond, but not with that 
nearer the centre. The labyrinthic structure sometimes stretches 
across the interspaces, and in many places forms a layer around the 
radial tubes. These tubes open at their sides, and communicate 
with the labyrinthiform chamberlets of the lamelle forming the floor 
and roof of the interspaces, and are much larger in their calibre than 
the chamberlets which may here and there cover them. 

There is therefore a defective continuity, from the centre of the 
body to the circumference, of radial tubes, and also a labyrinthic 
structure of a cellular and semitubular character. 

The distinctnessof the morphology of the two genera Stoliczkarva 
and Parkeria is therefore evident. , 

The only parts which are analogous in position are the radial tubes 
and the interspaces. 

The important lJabyrinthic structure is wanting in the Indian 
forms. 

With regard to the radial tubes, they are minute and numerous 
and in systems in Stoliczkaria, and are surrounded by interradial 
tubes, which are larger and which are greatly convoluted but ever 
tubular. In Parkeria the radial tubes are comparatively few in 
number, one exists by itself, and there is no accompanying tube- 
structure like that of Stoliczkaria. The labyrinthic cells, assuming 


74 PROF. P. M. DUNCAN ON THE GENUS STOLICZKARIA. 


here and there a tubular form, are much smaller than the radial tubes, 
around which they sometimes, but not invariably, reach. Hence 
in tangential sections the stellate appearance presented by Stolicz- 
karva is due to a number of circle-systems, each of which has a centre 
containing the cut ends of many small tubes, and of an environing 
circle of sections of much larger tubes, all intercommunicating. And 
in Parkeria the irregular appearance of canals in similar sections is 
due to sections of large radial tubes, one in each circle, each tube 
being surrounded by much smaller and irregularly shaped sections 
of cells and labyrinthic structure. 

In Stoliczkaria the interspaces are not unfversal ; and careful ob- 
servations tend to the belief that they have nothing to do with the 
primary condition of the body, and that many depend upon the pro- 
cess of fossilization, and the rest upon the method of growth of the 
tubular structures. 

In fact the Syringospheeride are composed of tubes starting from 
the centre of a body and radiating to the circumference, without any 
Foraminiferal structure. The tubes are of two kinds :—one which 
leads a straight course, and whose calibre is small; and the other 
is intermediate, highly convolute, and the calibre is larger. 

Clearly the Syringospheridee formed the calcareous tubes organi- 
cally, and they are not comparable with arenaceous Foraminifera, 


EXPLANATION OF PLATE IL. 


Fig. 1. The granulations on the surface of Stoliczkaria granulata, Dune., 
magnified 45 diam. 
2. A tangential section, magnified 50 diam. 
3. A radial section, magnified 50 diam. 


- } Interradial tubes, magnified 100 diam. 


6. A diagram of the disposition of the tubular structures, nat. size. 


Discussion. 


Prof. Srrtey thought that the difference between Stoliczkaria and 
Parkeria was one of mode of growth rather than of structure. He 
felt doubt as to the affinities of these organisms. He was inclined 
to regard Parkeria as showing affinities both with the Sponges and 
the Foraminifera. He thought that the analysis of Stolwczkaria 
served to throw doubt on the conclusion that Parkeria was originally 
composed of phosphatic grains. He was inclined to believe that 
both Stoliczkaria and Parkeria were originally calcareous organisms. 

Mr. Tawney asked if Dr. Duncan had considered the possible 
alliance of these fossils with Hydractinia. 

The AurHor admitted that it was a difficult question whether 
Parkeria was originally calcareous or phosphatic. With regard to 
its zoological position, it differed from sponges in having no spicules, 
and had little in common with any of the known forms of sponge. 
With regard to affinities with the hydroids, in spite of superficial 
resemblances there were remarkable differences. He did not place 
these forms among the Foraminifera; but he regarded them as cer- 
tainly belonging to the great group of the Rhizopoda. 
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REV. W. DOWNES ON THE BLACKDOWN BEDs. TES 


6. The Zones of the Buackpown Buns, and their Corre.arion with 
those at Haupon, with a List of the Fosstts. By the Rev. W. 
Downes, B.A., F.G.S. (Read December 7, 1881.) 


Livine, as I do, almost at the foot of the Blackdown Hills, it has 
naturally been my aim and ambition to add something to our know- 
lenge of their much discussed and highly fossiliferous strata. For — 
some time I almost despaired of achieving any thing. The absence 
of good sections, the great difficulty (not to say, very often, the im- 
possibility) of seeing the fossils an sztu, the fact that all the pits 
but a very few are now closed, and the confused and unsatisfactory 
way in which the fossils have often been collected in past times, 
make the subject at the present time a very tangled skein indeed. 

Collectors of Blackdown fossils have almost without exception, 
and perhaps unavoidably so, bought their specimens from quarrymen. 
And this means, generally speaking, that a quarryman who has 
‘happened on some shells,” has brought them home, and put them 
into a drawer or bucket or some such receptacle. Another find from 
another zone is the next day thrown in with them, and so on, until 
a sufficient quantity has accumulated, when the whole are thrown 
promiscuously into a hamper and sent to the address of the buyer. 

Nor is this the only element of confusion. In days gone by a 
far more extensive interpretation of the term “ Blackdown” seems 
to have been in vogue than would now be admitted. Even Dr. 
Fitton avowedly places specimens from ‘‘ Lyme Regis” and “ Beer 
Head” among his Blackdown list. Any thing Cretaceous—in fact, 
from beneath the chalk, in the borders of Devon and Dorset, ran a 
risk of being localized as ‘“‘ Blackdown.” And that I am not exag- 
gerating the confusion thus caused may be gathered from the fol- 
lowing facts :—It will be readily admitted by all who have studied 
the subject that no true Blackdown fossil is calcareous; and yet I 
have scarcely anywhere visited a provincial museum (not excepting 
that at Bristol, in which Dr. Fitton’s original specimens lie, and 
which contains what is, in other respects, a very valuable collection 
of Blackdown fossils) in which J have not found calcareous fossils 
labelled ‘“‘ Blackdown.” Thus again and again do a few manifestly 
misquoted specimens discredit to some extent the localities of the 
remainder. 

In 1880 I found that notes, correspondence, and memoranda had 
accumulated to such an extent that I determined to reduce to order 
the facts and information which I had collected. This I did in a paper 
entitled ‘‘ Blackdown,” published in the Report for that year of the 
Devonshire Association for the Promotion of Science, Literature, and 
Art. Ithen acknowledged my great indebtedness to many corre- 
spondents and helpers (an acknowledgment which I desire here 
and hereby to repeat). The paper, however, had not been long in 
print before I began to discover that there were some errors and 
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omissions * in it which required to be corrected or supplied, while 
at the same time fresh facts began to accumulate. I purpose there- 
fore in the present paper to bring forward in part the same sub- 
ject, but, it is hoped, dealt with more accurately and fully. 

In addition, moreover, to the compilation of a list of Blackdown 
fossils from those scattered about in collections and Museums, the 
attempt will be made in the present paper to refer them severally 
to the zones to which they belong, so far as this has proved to be 
practicable, and to compare the zones thus identified with similar 
zones at Haldon, in so far as a similarity exists. 


Literature of the Subject. 


The literature more or less bearing upon the subject of Blackdown 
is very voluminous; and it is possible that some of it may have 
escaped me. The following works, however, have been consulted, 
and more or less referred to. 

Dr. Fitton (1836). “On the Strata between the Chalk and the 
Oxford Oolite in the South-east of England.” Trans. Geol. Soe. 
ser. 2. vol. iv. p. 233. 

De la Beche. ‘Geological Report on Cornwall, Devon, and West 
Somerset.’ 1839, pp. 240-7. 

De la Beche. ‘On the Chalk, and Sands beneath it, in the 
Vicinity of Lyme Regis (Dorset) and Beer (Devon).” Trans. Geol. 
Soc. ser. 2. vol. ii. p. 114. 

R. A. C. Godwin-Austen (1842). “On the Geology of the South- 
east of Devonshire.” Trans. Geol. Soc. ser. 2. vol. vi. p. 433. 

Renevier (1856). ‘‘ On the Lower Greensand and Blackdown Fos- 
sils of England.” Summary of original paper in Quart. Journ. 
Geol. Soc. 1856. 

. Briart et Cornet(1870). “ Description &c. de la Meule de Brac- 
quegnies.” Mém. cour. par ’Académie R. de Bruxelles, tome 34. 

Ed. Parfitt, 1870. ‘‘ Fossil Sponge Spicules in the Greensand of 
Haldon and Blackdown.” Report and Trans. of the Devon Asso- 
ciation. 

H. J. Carter. ‘On Fossil Sponge Spicules of the Greensand 
compared with those of existing Species.’ 1871. 

C.J. A. Meyer. <‘‘On the Cretaceous Rocks of Beer Head, and 
the adjacent Cliff-sections, and on the relative Horizons therein of 
the Warminster and Blackdown fossiliferous Deposits.” Quart. 
Journ. Geol. Soc. 1874. 

J. S. Gardner. Many papers on the Cretaceous Gasteropoda, 
Geol. Mag. and Quart. Journ. Geol. Soc. 1875 to 1880. 

Barrois. ‘Lage des couches de Blackdown (Devonshire).” Ann. 
de la Soc. Géol. du Nord, 1875. 

Prof. P. Martin Duncan. ‘On the Upper-Greensand Coral Fauna 
of Haldon, Devonshire.” Quart. Journ. Geol. Soc. 1879. 

F. G. Hilton Price. ‘The Gault, a Lecture.’ 1879. 

W. Downes. ‘“ Blackdown.” Report and Trans. of the Devon 
Association, 1880. 


* Notably the mention of Mr. Caleb Evans's collection was omitted. 
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The large majority of the above writers deal prominently with 
the question of the age of the Blackdown and Haldon beds. It 
will be well therefore, before proceeding further, to sum up the 
opinions which from time to time have been expressed. 


The Age of the Beds. 


It appears that De la Beche (Trans. Geol. Soc. ser. 2. vol. u. 
1826) and (Ordn. Survey Report, p. 237, 1839) classified them as 
Upper Greensand. 

Fitton (1836) calls them Lower Greensand. 

Godwin-Austen (1842) described them as possibly a sandy con- 
dition of the Gault. 

Meyer at first maintained (1863, 1866) that they were Lower 
Greensand, but subsequently to some extent changed his opinion ; 
and I gather from his later paper (1874) that he is somewhat dis- 
posed to assent to an opinion which had been expressed by Mr. 
Etheridge, who, mainly on the evidence of the Black-Ven section 
near Lyme Regis, places them on the horizon of the Gault; but 
he still thinks that some part may be of Lower Greensand age. A 
quotation may make this more clear. He says :—<“ True Gault is to 
‘be seen near Punfield, in Swanage Bay, where it is underlain by a 
considerable thickness of Lower Greensand. It is traceable as Gault 
along the coast-line as far westward as Mewps Bay. At Lulworth 
Cove it is to be seen no longer as Gault, which in its argillaceous 
condition has either thinned out or given place to dark greenish 
sandy strata with zones of large concretionary nodules. 

‘*These beds contain Gault fossils in abundance, and (what is 
well worthy of notice) pass upwards insensibly into Upper Green- 
sand, and downwards into ferruginous sands of Lower Greensand. 

‘‘In the altered condition of the Gault, as present at Lulworth, 
one finds, therefore, an approach already to the condition of the so- 
called Gault as seen at Black Ven. And there is no doubt whatever 
that Gault in such condition is present both at Black Ven and in 
the sections to the westward. But is this all? I think it possible 
that Lower Greensand, which, as we have seen at Lulworth, actually 
accompanies the Gault to its extinction as a clay-bed, may form a 
part also of the still doubtful strata to the westward. As to the 
correctness of this supposition, it is only fair to say that I have no 
evidence whatever”*. 

I have reason to know that in 1879 Mr. Meyer’s opinion remained 
unshaken ; for he says then ‘‘I still believe the Blackdown Green- 
sand to represent a littoral deposit of more than one age or period, 
ranging possibly from the highest beds of the Lower Greensand to 
the lower beds of the Upper Greensand inclusive” f. 

Not having myself as yet had an opportunity of visiting the Lul- 
worth section, I have no opinion to offer. I can only remark that 
it appears to me that Meyer and Barrois (to whose views we shall 
next come) seem to differ in a rather important point in their de- 


* Meyer, Quart. Journ. Geol. Soc. 1874, p. 382. 
t Extract from a letter, by permission of the writer. 
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scription of this Lulworth section. As quoted above, Meyer tells us 
that “‘at Lulworth cove it [the clay-bed] is to be seen no longer as 
Gault, which in its argillaceous condition has either thinned out or” 
&c. Barrois, on the other hand, after describing all the beds at 
Lulworth except the base, adds ‘‘Sous ces couches se trouve une 
argile noire sableuse”*. This “ argile noire” he apparently identifies 
with the Gault. 

It may be partly for this reason that Barrois (1875) so positively 
asserts the position of the Blackdown beds as ‘‘ the lower part of the 
Upper Greensand.” He lays down his definition of Upper Green- 
sand very clearly as being the sum of the Warminster and Black- 
down beds; so that according to him the term “ Upper Greensand ” 
__ f 2. Warminster beds, 
ne he Blackdown beds. 
que la réunion de ces deux divisions.” He finds both of them at 
Lulworth above the black sandy clay; and he identifies the Lower of 
these with the Blackdown beds on the ground that, out of 66 fossils 
which he had found there, 36 were characteristic of Blackdown. 

The fact, however, that a black sandy clay or loam is locally found 
beneath the equivalents of the Blackdown beds (a fact attested by 
other writers in regard to some other localities +) will not of itself 
prove that black loam or clay is gault, nor warrant us in drawing 
a hard and fast time-line at the top of sucha bed. For my own 
part I was hardly prepared to see Barrois’ stratigraphical dictum 
on this point, after reading his own words in the earlier part of the 
paper, ‘‘on ne voit pas de relations stratigraphiques dans les Black- 
down hills.” It would not have struck me that either stratigraphical 
evidence or the proportion of fossils identified (very little more than 
half) warrant such a very positive inference. 

Price (1879), after quoting the opinion of Mr. de Rance to the 
effect that the whetstones of Blackdown were the representatives of 
the “ cowstones” of Dorset, “in which case the Blackdown beds 
might be the equivalents in time of the Upper Gault,” adds, “‘ The 
Blackdown beds, according to evidence furnished by the published 
list of fossils, and from those I have seen, appear to present a mix- 
ture of Upper and Lower Gault forms, leading to a supposition that 
these series of beds represent both divisions of the Gault.” 

By way of comment upon this, I would only add that if, as I ima- 
gine, Mr. Price includes among “the published list of fossils” all 
that have been referred in local museums to Blackdown, he may, 
and I think has, included some ¢ whose claim to a place on the list 
is more than doubtful. 

To review the whole, it is clear that the present balance of opinion 
tends to the view that the Gault, or most of it, is represented in the 
Blackdown beds, while there is no necessary reason for limiting 
their age upward or downward to that of the Gault alone. 


‘“<L” Upper Greensand n’est autre chose 


* Page 7. 
+ Mr. Horace Woodward, ‘Geology of England and Wales,’ p. 237, 
t E. g. Amm. falcatus. 
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Correlation of the Blackdown Beds with other Localities. 


Mr. Meyer, referring to Mr. Ralph Tate’s description of the Cre- 
taceous rocks of the North-east of Ireland (Quart. Journ. Geol. Soc. 
vol. xxi. p. 15), says that of the three zones of Tate ‘‘ the lowest, or 
‘Glauconitic sands’ . . . apparently represents to some extent” 
his ‘‘ beds 1 to 3 of the Devon sections,” 7. ¢. 1 to 3 of Meyer. 

Prof. Duncan, referring to the coral fauna, which occurs high up 
in the series, and which is chiefly found at Haldon, and is but barely 
represented at Blackdown, says of this zone, that “the fauna is a 
poor representation of that of Gosau; but the facies is the same.” 

MM. Briart et Cornet have no hesitation in asserting the iden- 
tity of the Blackdown beds with the Meule de Bracquegnies. The 
argument is based on the proportion of fossil species common to the 
two localities. Out of 93 species referred by them in 1870 to the 
Meule, 42 are found at Blackdown, 3 only in the English Gault, 
while 8, 13, and 5 respectively are found at Rouen, Sarthe, and 
in the Tourtia of Tournai and Montignies-sur-Roc, leaving a re- 
mainder of 22 not compared. 

In the Geological Magazine, 1881, p. 481, I read that MM. Bri- 
art et Cornet had at that date raised the number of species from the 
Meule to 120. How far this may affect the proportion of fossils 
common to Blackdown I do not know; but taking their original 
comparison, we have 42 out of 93 species common to the two local- 
ities—that is to say, less than half. I should scarcely have thought 
that this fact alone would warrant the conclusion, “ ces résultats ne 
peuvent laisser aucun doute sur Videntité de la meule avec les 
couches si remarquables de Blackdown.” 

Mr. Meyer, writing in reference to this subject in 1879, says :— 
‘The fossils of the Meule de Bracquegnies, so many of which are 
referred by MM. Briart et Cornet to Blackdown species, differ in 
such points as bring them nearer to the Chloritic-Marl fauna; and 
they are, moreover, associated with Chloritic-Marl species; and for 
this reason I fancy our Blackdown fossils are older than their 
supposed Belgian equivalents” *. 

To this I would add that the very small number in common with 
the English Gault (8 only) is remarkable, seeing that the Blackdown 
fauna has been supposed to contain a very large proportion of Gault 
formsy. 

I observe also that the beds above the Meule, five in number, 
which separate it from the Chalk, are, according to MM. Briart et 
Cornet’s section, all marly, and that bed J immediately above the 
Meule contains Pecten asper, which apparently does not occur in the 
Meule itself t. 

I am not aware that a detailed comparison of the Blackdown beds 


* Extract from letter, by permission. 

+ Mr. J. 8S. Gardner tells me that the species supposed to be common to the 
two localities are very often not strictly identical. 

+ Plate i, Mém. Cour. tom. 34. 
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with those of Haldon has yet been made; and to do this is one of 
the main objects of the present paper. 


Comparison of Blackdown with Haldon. 


The beds at Blackdown have been in part, but only in part, de- 
scribed by Fitton ; for his description refers almost entirely to the 
beds quarried for whetstones, which beds are less than a third of 
the whole supra-triassic series. I do not know of any detailed de- 
scription of Haldon ; but in the comparison of Blackdown and Haldon 
beds, which I shall presently give, I have been very much assisted, 
as regards the Haldon area, by the previous though unpublished ob- 
servations of Mr. Vicary of Exeter. 

In the days of Dr. Fitton pits were being worked at Blackdown 
almost continuously for a mile and a half, and at intervals still 
further. At the present date three only are being worked on the 
eastern side of the ridge, and all have been closed on the western 
escarpment. Some few of the lattter, however, have been open 
since my residence in the neighbourhood. ‘These pits, with the help 
of cart-tracks and road-sections and frequent conversations with 
workmen, have given me, I think, a fairly clear idea of the structure 
of the hill. 

In determining the zones of fossils at Blackdown I have been 
guided by :— 

1. Seeing them in stu, or breaking up at leisure rock-matter 
brought to my house from a known bed ; 

2. Lithological characters of the matrix ; 

3. Comparison of information independently given by different 
workmen. 

At Haldon I have been guided by :— 

1. Seeing the fossils an situ ; 
2. Information given by Mr. Vicary. 

I begin at the bottom of the series, and proceed in ascending 
order. 

Bed 1. At the base of Blackdown is found about 30 feet of whity- 
brown sand rock, perfectly homogeneous throughout, with no trace of 
fossils *, so far as I am aware, and no sign of current-bedding. The 
workmen call it “ white rock.” 

Bed 2. “ Soft fine vein’=bed 8 of Fitton, a thin layer of con- 
cretions, generally only a few inches in thickness, used for scythe- 
stones. 

Bed 3=bed 7 of Fitton, and called by him “ Rock-sand.” I 
find that the workmen now call it ‘ Bottom-rock.” It is about 4 
feet in thickness, and of darker colour than the sand rock of bed 1 
beneath it. There are very few fossils; but perhaps Tirigonia 
aliformis is the prevalent one. 

Bed 4=bed 6 of Fitton. <‘‘ Bottom stones.” Concretions used 
for whetstones, varying (as Fitton says) from a few inches to about 
5 feet. TT. aliformis, Pectunculus wmbonatus, Inoceramus sulcatus. 

Bed 5. “ Burrows,” concretions somewhat coarser than the last, 

* Mr. Meyer tells me that he has found a very few in this bed. 
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used sometimes for whetstones, but chiefly for building. If we 
include the sand layers which divide the concretionary beds with the 
concretions themselves we may estimate it at about 4 feet. There 
are but few fossils, chiefly Inoceramus sulcatus and Trigonia 
aliformis. 

Bed 6,=bed 4 of Fitton, is known as “ Gutters.” It consists of 
sand and concretionary layers, 1s about 5 feet in thickness, and 
contains but few fossils, but among them Jnoceramus sulcatus and 
Pectunculus umbonatus. 

Bed 7. A very fossiliferous band in sand. P. wmbonatus is the 
prevailing fossil; but there are many others. These are found, to 
use the expression of the workmen, in “ clumps ;” that is to say, in 
clusters or colonies, with valves almost always attached, and with 
species but little mixed. They have evidently been deposited in 
still water, and are apparently in the habitat in which they lived 
and died. Murex calcar, with its long slender spines, is often found 
perfect at this zone. 

Bed 8. This is also very fossiliferous, and the conditions are the 
same as those just mentioned. The prevailing fossil is Turritella 
granulata in “ clumps.” The individuals of this long univalve are 
inclined at all angles toward all points of the compass. Sometimes 
the “ clumps” consist wholly or mainly of Turritelle. Sometimes 
again, they are mixed with Dimorphosoma (Aporrhais) catcarata 
and D. neglecta ; Siphonia pyriformis seems to be peculiar to this bed. 
This and the preceding bed run more or less into each other, but the 
order is generally as here indicated. Together the two beds con- 
stitute Bed 3 of Fitton, and are conjointly about 4 feet in thickness. 

Bed 9. “ Hard fine vein” =Fitton’s bed 2. It is a thin layer of 
concretions used for scythestones. 

Bed 10. ** Red rock”=Fitton’s bed 1. It is a very fossiliferous 
stratified sandstone in layers divided by sand; Bivalves in this bed 
haye their valves nearly always separated, and species are completely 
mixed. ‘There is some, but not much, indication of attrition, and 
some of the fossils are broken, while all lie flatly on planes of bed- 
ding. The sandstone is vertically divided at intervals of 1 to 3 feet by 
miniature joints, cutting clean through hard chalcedonice fossils, without 
leaving, as a rule, a single projecting splinter. Some of the fossils 
have their surface a little decomposed*, thus obliterating the finer 
strie, and hence perhaps giving origin to the distinction between 
Cucullea fibrosa and C. glabra, both of which occur in this bed. 
The prevailing fossil is Cyprina cuneata. Ezxogyra conica is also 
very common. T'rigonia scabricola, though not so common, is con- 
fined mainly, if not entirely, to this bed. With this bed or some 
part of it the Haldon series probably begins, while with the bed 
beneath it the “‘ whetstone beds” end. Thickness about 3 feet. I 
had a cartload of rock from this bed 10 brought to my house, and 
broke it up at leisure, and found the following approximate per- 
centages :— 


* 7. e, havea pulverulent coating in the rock, which rubs off with a touch. 


Q.J.G.8. No. 149. G 
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1 found in all 46 species in this bed, many of which range down- 
wards into lower beds, while very few of them have a higher range. 

Bed 11. A bed of variegated fine sand with thin lenticular and 
impersistent shell-bands. The fossils from these bands are mostly 
broken, and all much waterworn. Pectunculus sublevis and Tri- 
gonia affinis* abound, together with a few other species less 
abundant. It is about 18 feet thick, but the shell-bands are only 
about 2 inches in thickness. 

Bed 12. Here there is not the slightest doubt about the agreement 
between Blackdown and Haldon. Beds 10 and 11 would appear to 
have some meagre representation at Haldon, to judge by the fossils 
which have come from the base of that series and by their mode of 
occurrence in it; though I must admit that I have not myself seen 
any thing there in situ which I could positively identify with either 
of them. But the greater part of the Haldon rock may be 
without hesitation referred to this bed 12, which therefore develops 
a greater thickness at Haldon than at Blackdown. At Blackdown 
it is about 25 feet thick, and consists of sand with layers of cherty 
sandstone passing upwards into chert. The characteristic fossil is 
above all others Pecten quadricostatus, which is never found lower 
down in the series. Trigonia dedaleat, Pectunculus sublevis, and 
Exogyra, mostly broken, are also found here, and a few others; but 
fossils, as a rule, are scarce. The Haldon bed, which corresponds with 
it, is probably about 35 feet thick, and this also consists of sand with 
several layers of cherty sandstone. Fragments of Pecten quadricos- 
tatus and of Hxogyra are abundant in it at Haldon ; but I could find 
hardly any thing else there. Both at Blackdown and at Haldon 
fossils of this horizon are commonly covered with concentric incrus- 
tations of chalcedony, exactly like those on the Triassic beekites at 
Paignton. On the Exeter road, near the Grand Stand at Great 
Haldon racecourse, I put my hand into a rabbit-burrow, about 3 
feet above the junction with Trias, and brought out fragments of P. 
quadricostatus and Exogyra. It is thus evident that there at least 


* Under this name I here include 7. /eviuscula and ‘allied forms, which are 
all associated together in this one bed, and are found nowhere else. Mr. D’Urban, 
of Exeter, points out to me that Dr. Lycett, in his ‘‘ Corrigenda” at the end of 
his Monograph, substitutes the specific name “ affinis” for that of “ excentrica” 
used in the text. 

t Since this paper was read, I have found one which apparently came from 
a lower bed. 
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beds of this character extend very nearly down to the base of the 
series, while at Blackdown they only occur at the top, immediately 
beneath the chert gravel. 

Bed 13. As a bed this can only be identified at Haldon, where it 
is found in many places. It is the “littoral concrete” of Prof. 
Duncan, celebrated for its coral fauna. Ina sand-pit at the road- 
side on the east of Great Haldon, on the Exeter and Newton road, 
it may be described as consisting of three bands of fossil shells (for 
the most part broken) in a basis of sand. ‘The two higher bands are 
thin and insignificant, but the third or lowest is about 14 foot thick, 
a hard jaspideous mass full of fossil fragments. I detected in it 
Ostrea and Exogyra in abundance, T’rigonia Vicaryana, Lycett, 
and Vermicularia, but no corals. I visited the place twice, the 
second time with Mr. Champernowne, but neither of us succeeded in 
finding a coral. Judging by the list of coral species, and by the 
specimens exhibited by dealers, one is apt to be much misled as to 
the character of this bed, and to suppose that it consists largely of 
corals and Polyzoa. ‘The truth is that tons of the material might 
have to be removed before a nest of corals or Polyzoa would be found ; 
and for a chance comer to find even a single specimen would be a 
fortunate circumstance. No such bed exists at Blackdown; but a 
very few specimens of the characteristic fauna have been found. 
The Blackdown specimens may be numbered on the fingers. Two 
or three specimens of Trochosmilia or Smilotrochus, one of (?) Isas- 
trea, and one or two corals unnamed complete the list, so far as 
Blackdown is concerned, whereas a large and increasing list is 
referred to Haldon-by Prof. Duncan, who, as already observed, com- 
pares the fauna to that of Gosau. 

Bed 14. At Haldon, above the “littoral concrete,” is found about 
8 feet of schorlaceous and non-glauconitic sand. All the sand below 
this is more or less glauconitic. It contains a few fragments of 
Euogyra. 

Bed 15. Orbitolina-chert, in layers 6 feet, is seen at Smallacombe 
Goyle, Little Haldon; but it seems to occur only locally. It is a 
glassy translucent chert weathering to a dull whitish surface ; it is 
hard and brittle in the centre, but soft and earthy on the weathered 
exterior, and abounds in O. concava, Lam., and Lima semisulcata, Sow. 

Bed 16. Chert gravel. At Blackdown this frequently caps the 
hill. It is found in a clayey matrix intermixed generally with very 
vesicular concretions of limonite. The latter has often been mis- 
taken for iron slag, which it very much resembles in appearance. But 
as it can be seen not only lying round the old and present chert-pits, 
but also in situ in precisely the same condition, the tales of pre- 
historic bloomeries foundcd upon this evidence rest upon a very 
questionable foundation. 

Bed 17. Flint gravel. None is found at Blackdown, I believe, to 
the north of Kentisbeare, but south of that place it generally caps 
the chert gravel without being mixed with it. At Blackdown pro- 
bably it never much exceeds 10 feet, while it attains a thickness of 
30 feet or 40 feet at Haldon. The springs which at Blackdown 

«2 
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Fig. 1.— Comparative general Sections at Haldon and Blackdown. 


Haldon. 


Blackdown. 
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come out at or near the base of the greensand, at Haldon seem im- 
variably to come out at the base of the flint gravel. 

To sum this up, we have, if we go to the base of the section (bed 1), 
probably still- and fairly deep-water conditions exhibited, but at first 
no signs of life. The concretionary layers which after a while begin 
to appear are of course superinduced; but just where they now 
happen to come in scanty traces of molluscan life begin to appear, 
while sponge-spicules begin to be abundant. The conditions, 
then, seem to point either to elevation or to silting up, at any rate 
to shallower water and more abundant molluscan life. We come 
first upon occasional waits and strays, and then upon whole colonies 
of species fossilized without disturbance in their original habitat. 
Still shallower conditions seem to follow, marked by current-action, 
by the mingling of species, by separation of valves, by attrition and 
fracture. Corals and Polyzoa then incrust the littoral débris. Then 
there is a missing paragraph or twoy in the natural chapter, which 
other localities may perhaps supply. But the flint gravel remains, 
telling its double or, rather, triple tale of subsidence till deep-sea 
conditions again prevailed, and of subsequent upheaval and subaerial 
denudation. 

The following lists of fossils are corrected from those published 
by me in 1880. Several from that list, including Pecten asper, 
Lam., are now rejected on the ground that they have been found 
to be calcareous, or otherwise, in mineralogical character, mani- 
festly differing from Blackdown specimens. When able with cer- 
tainty to do so, I have recorded the beds, or range of beds, from 
which they severally come. The initials refer to the museums and 
cabinets in which the specimens may be seen. Thus:—J = Jermyn 
Street, K = British Museum at Kensington, B = Bristol Museum, 
K = Exeter Museum, T = Taunton Museum, V = Mr. Vicary’s Col- 
lection, CK = that of Mr. Caleb Evans, W =that of Mr. Walrond, 
of Dulford House, near Collumpton, C = Mr. Champernowne, 
M = that of Mr. Meyer, D = my own. 


Blackdown Fossils. 


(Those which have been found at Haldon also are marked with an asterisk.) 


PLANT. 
A fern-like impression. V. 
Wood, silicified and (frequently) bored by Teredo? Common. 
xSequoites Woodwardii (Carruthers). Journal of Botany, 1867, p. 27, 
pl. lix. figs. 11-16. 
SPonciIpz£. 


Siphonia pyriformis (Goldf.). Bed 8. Common. 

Spicula distributed throughout the beds. These have been treated in detail by 
Mr. E. Parfitt and by Dr. Carter in the works above quoted. Bed 5 
seems most rich in these spicula. 


ACTINOZOA. 
x?Isastrea. D. 
xSmilotrochus Austeni (Z. g H.). [? Trochosmilia]. TT, C. 
Coral. E. 
Probably all are traces of Bed 13, which is more fully developed at Haldon. 


+ Perhaps it was a land area during the age of the Chloritic Marl &c. 
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EcHINODERMATA. 


I am much indebted to Mr. Percy Sladen for criticisms on my former list 
under this head, and for his determination of some specimens of Aste- 
roidea kindly lent for the purpose by Mr. Bidgood, the Curator of the 
Taunton Museum; also to Prof. Duncan for his determination of an 
Echinus. 

Comatula. J. . 

Antedon incurva (Carpenter). Q.J.G.S. vol. xxxvi. (Nov. 1880) p. 552, pi. 23. 
fig. 1 


pellecter Comptoni (Forbes) [Goniaster]. J, T. 

elegans (Gray) [Goniaster]. J, TT. 

Salenia, new sp. J. 

Echinobrissus Morrisii (Forbes). J. 

Cardiaster Perizii (Sism.) [bisuleatus, Gras]. J. 

Enallaster Greenovii (forbes) [Hemipneustes]. J. D’Orb. Pal. Frang. Terr. 
Crét. t. vi. p. 183, pl. 849; Wright, Pal. Soc. Monog. Cret. Echin. p. 290, 
pl. 64. figs. 2, 3. 

Echinospatangus Murchisonianus (Manz.). Hemiaster Murchisoniz (forbes). 
J, W, D. Pal. Soc. Monog. Cret. Echin. p. 281, pl. 60. fig. 1, pl. 64. fig. 1. 

Hemipneustes. CE. 

Kchinoconus. CE. 

Pygurus lampas (De la Beche). E. 

? Glenotremites, plates of. V. 

In addition to the above, there is inthe Taunton Museum, among the fine 
collection lately presented to it by Captain Fox, a Starfish impression, which 
was sent with the rest to Mr. P. Sladen, but concerning which the latter was 
not able to say any thing positively at the time. 


ANNELIDA. 


Serpula filiformis (Sow.). Common. Bed 10 and others. 
antiquata (Sow.). B. 

—— plexus (Sow.). J, B. 

vermes, Sow. B. 

tuba (Sow.). B. 

carinella, Sow. B. 

*Vermicularia concava (Sow.). Common. 

radiata (Sow.). B, E. 

umbonata (Sow.). B. 

Vermilia ampullacea (Sow.). J, B. 


CRUSTACEA. 
Pollicipes levis, Sow. V, CH, M. 


Poyzoa. 
Heteropora dichotoma (Blainv.)? B. 
cryptopora (Goldf.). B. 
Ceriopora gracilis (Goldf.). B. 
xRadiopora bulbosa (d@’Orb.). D. 


BRACHIOPODA. 
Rhynchonella depressa (Dav.). W, CH. 


* latissima (Sow.). B. 
? species. Woodwardian Museum. 
Crania. M. 


t Mr. 8. Sharp has recorded the remarkable fact that the genus Stellaster is 
unknown in all the series intermediate between the Inferior Oolite of North- 
ampton and the Blackdown beds. 
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LAMELLIBRANCHIATA, 


xOstrea frons (Park.). J, B,D. Bed 12. 
macroptera (Sow.). B. 
vsp, HB. CR. 
xHxogyra conica (Sow.). Common. Beds 7-12. 
undata (Sow.), B, CH. 
x—— plicata(Lam.). J, E. 
Anomia? CH. 
Hinnites, sp. J. 
xPecten Milleri (Sow.). Bed 10. Common. Fitton, pl. xvii. fig. 19. 
x-—— quadricostatus, Sow. Common, Characteristic of bed 12, beneath which 
it is never found. 
quinquecostatus (Sow.). J, B, EH. 
Stutchburyanus (Sow.). 3B. 
orbicularis (Sow.). B. 
Msp. 1) B. 
Lima semisulcata (Sow.). Common. Beds 14-16. 
morenna? (d’Ord.). V. 
Plicatula? CE, M. 
Avicula lanceolata (forbes). CE, V. 
pectinata, Sow. M. 
—— Rauliniana, d’ Orb. M. 
* anomala (Sow.). J, B, V. CEH. Fitton, pl. xvii. fig. 18. 
xGervillia anceps (Desh.). Common. Beds 4-10. 
solenoides (Def.). J. 
rostrata (Sow.). Common. Fitton, pl. xvii. fig. 17. 
Inoceramus concentricus (Park). Common. Beds 8-10. 
sulcatus (Park.). Beds 4-10, but especially 5-6. 
Pinna tetragona (Sow.). J, B, W, CE. 
Mytilus striatocostatus (d Orb.). J, CH. 
tridens (Sow.). Common. Fitton, pl. xvu. fig. 14. Bed 10. 
—— prelongus (Sow.). B, CH. Fitton, pl. xvii. fig. 15. 
inequivalvis (Sow.). B. Fitton, pl. xvii. fig. 16. 
Modiola zqualis (Sow.). J. 
lygeriensis(? Sow.). J. 
* reyersa (Sow.), Fitton, pl. xvii. fig. 13. 
Arca, sp.? J. 
rotundata (Sow.). B. Fitton, pl. xvii. fig. 8. Probably, like the corals, 
a trace of bed 13. 
Limopsis, sp.? B, W. 
xCucullea carinata=costellata (Sow.). Common. Beds 8-12, but especially 
10. 
*—— fibrosa (Sow.). | If these are two species, they may be distinguished as 
% glabra (Park.). J their name suggests. The one is glabrous and the other 
fibrous; but, as Mr. Sowerby remarks (Min. Con. vol. iii. p. 9), “the 
smoothness of the surface may arise from wear.” Bed 10, where, as 
already remarked, the glabrous characteristic may be easily accounted for. 
—— formosa (Sow.). B. Fitton, pl. xvii. fig. 7. 
xPectunculus umbonatus (Sow.). Common. Bed 7, and occasionally be- 
neath it. 
sublevis (Sow.)t. Beds 11 & 12. 
J. 


sp. ? 


* 


* 


% 


* 


* 


t In their descriptions, MM. Briart et Cornet (p. 62) appear to have referred 
to P. sublevis the characteristics of P. winbonatus and vice versa: e. g., describing 
P. sublevis, the authors say :—‘‘ Cette coquille est trés voisine, par sa forme 
générale et ses ornements, de la précédente [P. wmbonatus]. Elle sen distingue 
cependant par sa longueur plus grande, et par son épaisseur beaucoup moindre, 
et par son crochet moins proéminent. Elle a aussi la coté anal tronqué, mais 
d'une maniére moins accusée” (Mém. Cour. tome xxxiv: 1870, p. 62). 
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Nucula antiquata (Sow.). Common. Beds 7-10. = apiculata. 
impressa (Sow.). Common. 

obtusa (Sow.). Common. Beds 7-10. Fitton, pl. xvii. fig. 11. 
angulata (Sow.). CH, M. 
Leda lineata (Sow.) =Nucula lineata. Common. Bed 10. 

Trigonia aliformis (Park.). Beds 4-6. 


% 


* scabricola (Lycett). Common. Bed 10. 

* deedalea (Park.). Rare at Blackdown, but more frequently found at 
Haldon. E, D. Bed 12. 

* affinis (Sow.). Bed 11. (Probably better known as “ excentrica.”) 

* spectabilis (Lycett). Bed 10. 


— leviuscula (Lycett). V. Pal. Soc.t. xxii. |] Allied to T. affinis and found 
fig. 6. associated with it. 
spinosa (Park.). Pal. Soc. vol. xxii., figured from Mr. Vicary’s specimen. 
J,B,T,EH,V,D. Beds 3-4. 
sinuata (Park.). B, W Bed 12 probably. 
Cardium Hillanum (Sow.). Common. Beds 4-12. 
proboscideum (Sow.). Bed 10. 
—— subhillanum (Leym.). J, CH. 
xLucina orbicularis (Sow.). Common. Fitton, pl. xvi. fig. 13. 
pisum (Sow.). 
sp.? J. 
xCyprina angulata (Flem.). Common. Bed 10. 
* cuneata (Sow.). Common. Bed 10. 
rostrata (Sow.). Fitton, pl. xvii. fig. 1. 
xAstarte formosa (Sow.). Common. Beds 7-19. 
striata (Sow.). CE, J, B, V, D. 
concinna (Sow.). B. Fitton, pl. xvi. fig. 15. 
obovata (Sow.). J, V. 
impolita (Sow.). B, EH. Fitton, pl. xvi. fig. 18. 
—— cuneata (Sow.). | Mentioned by Fitton, who figures the last (pl. xvi. 


* 


* 


— lineata (Sow.). fig. 17); but I cannot find them in any collec- 
multistriata (Sow.). tion. 
*¥Venus sublevis (Sow.). Common. Beds 10-12. Fitton, pl. xvii. fig. 5. 
submersa (Sow). J, V. Fitton, pl. xvii. fig. 4. 
faba (Sow.). B, V, CE. 
— immersa (Sow.). B, V, CE. 
truncata =Cytherea truncata (Sow.). J, B, H, CE. Fitton, pl. xvii. fig. 3. 
Cytherea caperata (Sow.). Common. Beds 7-10. 
* lineolata (Sow.). In most collections. 
* plana (Sow.). Common, Bed 10. 
subrotunda (Sow.). J, B. 
— (Venus) ovalis (Sow.). B, HE. 
Petricola ? canaliculata (Sow.). Fitton, pl. xvi. fig. 11. B, M. 
nuciformis (Sow.). Fitton, pl. xvi. fig. 10. 
xMactra angulata (Sow.). Common. Beds 7-10. Fitton, pl. xvi. fig. 9. 
Amphidesma. B. 
*¥Tellina inzqualis (Sow.). Common. 
* striatula (Sow.). Common. 
Psammobia gracilis (Sow.). CH, M. 
Bp se oi: 
Arcopagia Rauliniana (d’Orb.). M. 
Lutraria? M. 
Capsa elegans (d’O7b.). V. 
Mya leviuscula (Sow.). B, V. Fitton, pl. xvi. fig. 6. 
Goniomya. B. 
xCorbula elegans (Sow.). Common. 
truncata (Sow.). J, B, CE. Fitton, pl. xvi. fig. 8. 
striatula (Sow.). CE, and Woodwardian Museum, Cambridge. 
Thetis gigantea (Sow.). Common. Bed 10. 
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Thetis Sowerbyi (om.). J. 
major. \ Thus distinguished by Sowerby (Min. Gon.), who, however, con- 
minor. siders the distinction to be mainly one of size. 
Myacites sp.? J, W,CEH,D. Bed 10. 
plicatus (Sow.). 
ovalis (Sow.). B. Fitton, pl. xvi. fig. 5. 


G-ASTEROPODA. 


Murex calear (Sow.). Common. Beds 7-10. 
~yrula depressa (Sow.). CH, B, W. Fitton, pl. xviii. fig 20. 
sp.? J. 
Fusus Bide (Sow.), ? J, BO, V, © Mitton, pl. xyui. fig. 16. 
rusticus (Sow.). B. Fitton, pl. xviii. fig. 18. 
quadratus (Sow.). B, V. Fitton, pl. xviii. fig. 17. 
clathratus (Sow.). B, V. 
ESPs ola: 
Nassa costellata (Sow.). J, B,C, T, D. Fitton, pl. xviii. fig. 26. Bed 10. 
lineata (Sow.). O,T, W,D. CEH? Fitton, pl. xviii. fig. 25. Mr. Sollas 
has pointed out to me how closely this resembles the existing N. reticosa 
found off the Philippine Islands in 9 fathoms. Bed 10. 
Cassidaria? CE. 
*Natica gaultina(d’Orb.). Common. B. Beds7-10. =N. canaliculata (Sow.). 
granosa (Sow.). Fitton, pl. xviii. fig. 7. 
sp. . W.. 
—— Dupinii? (Leym.). M. 
Rauliniana? (d’Orb.). M. 
—— excavata? (Michelin). M. 
ervyna? (d’Ord.). M. 
Geinitzii? (d’Orb.). M. 
Fossarus carinatus=Natica carinata (Sow.). B,T. Fitton, pl. xviii. fig. 8. 
Cerithium gracile = Littorina gracilis (Sow.). Fitton, pl. xviii. fig. 12. T, CH. 
sp.? J, H, D, M. 
Rostellaria tricostata (d’Ord.). M. 
Tessalolax retusa = Rostellaria retusa (Sow.). B. Fitton, pl. xvii. fig. 22. 
xAporrhais Parkinsoni (Mant.)=Rostellaria Parkinsoni (Sow.). Common at 
Blackdown. Fitton, pl. xvii. fig. 24. Bed 10. 
Dimorphosoma calcarata= Aporrhais calcarata (Sow.). Very common at Black- 
down. Bed 8 especially, but found up to 10. 
neglecta (Zate). Common. Fig. in Geol. Mag. 1875, pl. xii. fig. 13-15. 
Bed 8 especially ; found up to 10. 
Pterocella macrostoma (Sow.).=Rostellariam. B. Fitton, pl. xviii. fig. 23. 


‘The five preceding are given as described by Mr. J. S. Gardner in the Geol. 
Mag., 1880, who suggests that D. calcarata might be the male, and D. neglecta 
the female. In bed 8 they are found associated together, and where D. calcarata 
is doubtless the commoner form of the two. 


xTurritella granulata (Sow.). Very common, especially in bed 8, which is its 
downward limit. It occurs also above bed 8 in lesser numbers; and there 
is anotable percentage of it in bed 10. I have not found it above bed 10. 
— costata (Sow.). B, CE. 
—— angulata (d’Ore.). 
subalternans (Briart et Cornet), pl. 111.f.45. M. 
sp. 7 | CH, D, 
Sealaria Fittoni (J. S. Gardner). J, K, B. Geol. Mag. 1876, pl. iii. 
figs. 10-11. 
climatospira (J. S. Gardner). K, B. Geol. Mag. pl. ui. fig. 13. 
—— pulchra (Sow.). B. Geol. Mag. 1876, pl. iii. fig. 14. 
—— Dupiniana (d’Ord.). J, K, V. Geol. Mag. 1876, pl. iii. fig. 15. 
—— Queenii (J. S. Gardner). Geol. Mag. 1876, pl. iii. figs. 1-3. 
—sp.? V, CE, D. 
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Disocheta Meyeri (J. S. Gardner). Geol. Mag, 1880, pl. iii. fig. 5. 

Pyrgiscus Woodwardii. Geol. Mag. 1876, pl. iii. fig. 19. _K. 

Littorina gracilis (Sow.). J, B, V. Fitton, pl. xviii. fig. 5. 

conica (Sow.). B, CE. ? Phasianella. 

—— monilifera (Sow.). J, H, V, H, CH. 

rotundata (Sow.). B, CE. ? Phasianella. 

pungens (Sow.). J, B, W, D, CH. Fitton, pl. xviii. fig. 5. 2? Phasianella. 

Phasianella striata (Sow.). B, W, D. Fitton, pl. xviii. fig. 15. 

pusilla (Sow.). CH. 

Bp. Pd; Be 

formosa. B. Fitton, pl. xviii. fig. 14. 

Dentalium cylindricum (Sow.). J. 

* medium (Sow.). J, B, V, CEH. 

Entalis Meyeri (J. S. Gardner). Q. J. os S., Feb. 1878, pl. iii. fig. 40. 

Pileopsis Seeleyana (J. 8. Gardner). Q. J NG S., May 1877, pl. vii. figs. 5-7. 

xActzon affinis (Sow.). Common. Beds 7-10. 

xAvellana inecrassata (Mant.)=Ringicula incrassata (Sow.). Common. Beds 
7-10. 


CEPHALOPODA. 


Nautilus. 2 species. EH, V, W, T. 
Ammonites Beudantii (Brongn.). J. 

—— Goodhallii (Sow.). Common. 

varicosus (Sow.). Common. 

lautus (Sow.). E. 

splendens (Sow.). B, T, V, W, D, CE. 
interruptus (d’Ord.). D. 

serratus (Park.). . 

auritus (Sow.). 3B. 

denarius (Sow.). B, T, V, W. 
tuberculatus (Sow.). B, Wt. 
Toxoceras Emericianus (d’ Ord.), =H 


amites spinulosus (Sow.). B, V, H. 


The Ammonites at Blackdown seem to have been found mostly in 
the lower concretionary beds ; but I have found one or two indivi- 
duals of A. varicosus in bed 10. Mr. Vicary has one undeterminable 
fragment of an Ammonite from Haldon. It is the only instance 
of an Ammonite or, indeed, of any Cephalopod from Haldon that I 
can hear of. 

An analysis of the above list teaches us that the Blackdown fauna 
(omitting the few corals) amounts to 196 species, and that 50 of these 
occur at Haldon also. 

Of these 50 fossils in common, 1 is a plant, 1 is an Annelid, 1 is a 
Brachiopod, 38 are Lamellibranchiata, 8 are Gasteropoda, and 1 (a 
single individual) is a Cephalopod. 

We find also that in every instance in which the Haldon fauna 
agrees with that of Blackdown, bed 10 seems to be the probable 
downward limit. It is significant that Siphonia pyriformis, Inoce- 
ramus sulcatus, and Trigonia aliformis are all apparently absent at 
Haldon; while we might almost say the same thing of Pectunculus 
umbonatus and of Ammonites generally. This negative evidence is 
further confirmed by the absence of concretions suitable for making 
whetstones. 

Positive evidence points in the same direction; Pecten quadricos- 


t Mr. Vicary has 2 specimens of the former and | fragment of the latter. 
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tatus and Trigonia dedalea occur down to the very base of the 
series at Haldon; and the agreement is further confirmed litholo- 
gically by the chert-bands and the fragments of fossils covered with 
concentric rings of chalcedony. I think that beds 10 and 11 of 
Blackdown must be represented at Haldon, though I failed to 
identify them in situ. Some of Mr. Vicary’s specimens exactly 
agree with bed 10 of Blackdown, both in the fossils and in their mode 
of occurrence. I infer therefore the presence of beds 10 and 11. 
Probably they are thin, and possibly only local; while the surface- 
slippage of bed 12 would quite account for the fact that they are 
not easily to be found*. The stream-sections also are greatly marked 
by débris, and the few clean-cut sections which exist exhibit gene- 
rally only the upper portions of the series. The only complete 
section that I know of is that at Smallacombe Goyle, on Little Hal- 
don, and this is partly a stream-section. These two distinct beds 
beneath bed 12 were seen by Mr. Champernowne and by myself; 
but we found no fossils in them. 

Turning then, lastly, to the higher beds at Haldon, we find a thin 
band containing a distinct and all but unique fauna. 

In this are several species of Annelids, but the main feature in the 
fauna is the Corals. Professor Duncan enumerates the following :— 


Peplosmilia Austeni (Ed. & H.). 
Placosmilia cuneiformis (Ed. ¢ H.). 
Parkinsoni (Ed. & H.). 
—— magnifica (Duncan). 
depressa (i. de From.). 
Cyathophora monticularia (d’Oré.). 
Favia minutissima (Duncan). 
Trochosmilia varians (Peuss). 
Thamnastrea belgica (Hd. & #.). 
Haldonia Vicaryi, sp. nov. \ 
Stellaria incrustans, sp. nov. | 
Baryhelia reticulata, sp. Nov. | From Mr. Vicary’s 
r 


Thamnastrea Ramsayi, gp. OV. 
Actinacis stellulata, sp. nov. 
insignis, sp. nov. 
Trochoseris constricta, sp. nov. 
Morrisi, sp. nov. 
Heliopora corulea (Grimm.). y 

Smilotrochus Austeni (EL. § H.) is alee in Mr. Vicary’s collection. 


specimens, 
Q. J.G.S., Feb. 1879, 
pl. viii. figs. 1-18. 


Speaking of Helwopora cerulea (Grimm.), Prof. Duncan remarks 
that this fossil from Haldon cannot be distinguished from the 
incrusting recent form. 

Of Polyzoa there are many, but I am not aware that they are 
anywhere described. 

Brachiopoda.—i have seen two species of Rhynchonella from this 
bed. One of Mr. Vicary’s is labelled R. Cuvieri. 

Of Lamellibranchiata there are several. Fragments of Ostrea and 


* The terminal slippage of the higher beds over the lower ones is very 
general at Blackdown. ‘The pits thus often traverse fossiliferous beds at the 
entrance, and afterwards pass under them. 
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Exogyra abound throughout the bed, and Pecten quadricostatus is 
found frequently. Mr. Vicary has also the following :— 


Pecten? elongatus ? Stuchburyanus. 

? striatocostatus. 

Spondylus striatus (Sow.). 

Lima? rapa. 

Arca rotundata (Sow.). 

Pectunculus umbonatus (Sow.). 

? sp. (very finely striated). 

Trigonia Archiaciana (Lycett), Mon. Foss. Trig. Pal. Soc. pl. xxiii. 
fig. 7, =T. Vicaryana (Lycett). 

Opis Galliennei (d’ O70.). 

? sp. 

Radiolites ? 


A few unnamed Gasteropoda and one amphiccelian vertebra have 
also been found at Haldon, but possibly not from the bed of which 
we are now speaking. 

Here then, if we omit the Orbitolina chert, the upward limit 
is reached, and nothing remains but the gravels. Barrois says, 
in special reference to the Isle of Wight Greensand, but perhaps in 
reference in some degree to equivalents elsewhere, ‘“ Le mélange 
W@espéeces est di & une confusion de couches.” The stricture is, 
however, only in part applicable to Blackdown ; for, though certain 
fairly marked zones may be traced, it would not appear, on com- 
parison with lists of Cretaceous fossils from other localities *, that 
we have exclusively Upper Greensand fossils at the top, or exclu- 
sively Lower Greensand forms at the base, or, again, exclusively Gault 
forms in the middle. 

It should also be remembered that beneath all the fossiliferous 
beds there lies bed 1, or 80 feet of whitish sand-rock, and that in 
regard to the age of this there is scarcely any thing organic to 
instruct us. 


Discussion. 


Mr. CuamPrrnowneE corroborated the statement of the low position 
of Pecten. quadricostatus at Haldon, and its high position in the 
Blackdown series. He was not sure, however, whether the Whet- 
stone beds might not have a slightly greater thickness than Mr. 
Downes had given them. He called attention also to the interest of 
some of the specimens exhibited by the author. The paper was, he 
thought, a very valuable one. 

Prof. Szevey thought that the materials brought forward by the 
author supplied the means of determining the parallelism of the 
Blackdown beds. In the Cretaceous series an association of fossils 
took place in following the beds westwards, similar to that which 
would be observed in the Tertiaries; the zones which were clear in 
the east, became confused in the west. He had formerly examined 


* Catalogue of Cretaceous Fossils in the Museum of Practical Geology. 


— sha 
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the district described by the author, and had come to the conclusion 
that, going westward, littoral conditions were found, and to this cause 
he attributed the changes in the fossils. He thought that the author’s 
conclusions thoroughly confirmed Mr. Godwin-Austen’s original 
hypothesis that the Blackdown series represented a littoral condition 
of the Gault sea, and showed that the Lower Cretaceous beds were 
derived from such crystalline rocks as exist to the west and south. 
If the Whetstone beds represent the Gault, we should not expect to 
find the same species as would occur in the deeper zone of water 
represented by the Gault clay, but a survival of Neocomian species 
mixed with widely spread forms characteristic of Jater deposits 
which are also sandy. The upper beds may well be Upper Green- 
sand, and the absence of fossils is not conclusive that the bottom 
bed is not Lower Greensand. It may ultimately be possible to sub- 
divide the beds still further by the evidence which the author pre- 
sents. 

Dr. Hiyve called attention to the fact that some of the specimens 
on the table from Blackdown closely resembled certain beds at 
Haldon in being chiefly composed of sponge-spicules. They were 
thus largely of an organic character. 

Mr. Meyer thought the information supplied by the author 
would enable us to correlate the beds. Beds 4, 5, 6, as containing 
Inoceramus sulcatus (which he had never obtained himself), would 
make these Middle or Upper Gault. He had obtained, many years 
ago, in the lowest beds, a Rhynchonella and a Plicatula resembling 
Lower Greensand forms. He was of opinion that the paper was 
very valuable. 

Mr. Hupieston thought, from the general lie of the country, 
and the absence of paleontological evidence, it was not likely the 
lowest beds were Lower Greensand ; for these had disappeared at the 
Vale of Wardour. The fact that Jnoceramus sulcatus occurred in 
the lowest beds of the fossiliferous series at Blackdown indicated 
that these beds were the base of the Upper Gault; so the un- 
fossiliferous sands might represent Lower Gault. 

Prof. Jupp said that, according to M. Barrois, the Folkestone beds 
belonged rather to the Gault than to the Neocomian. 

Mr. Garpner said that he could not identify the Blackdown fossils 
with those of the Gault; they more resemble those of the Aix-la- 
Chapelle beds. 

Mr. Tawney said that he regarded the Amm.-mammillaris bed as 
Gault, but the rest of the Folkestone series as Lower Greensand. 
He asked at what levels Ammonites were found in the Blackdown 
section, and what Ammonite was found at Haldon. 

Mr. Wurraxer asked if any of the fossils were derived, and if the 
author had compared the beds with those further east. 

The PrestpEent inquired if the nine beds spoken of in the Black- 
down area were wholly wanting at Haldon. At Black-Ven, Lyme 
Regis, the Lower Greensand was visible below the Lower Gault. 
Prof. Renevier had endeavoured, some years ago, to correlate the 
Blackdown beds with the Gault proper without complete success. 
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Mr. Downzs thought that the thickness beneath bed 12 at Haldon, 
mentioned by Mr. Champernowne, was exceptional. He gave some 
additional facts as to the sponge-spicule beds. The Haldon Ammo- 
nite was too fragmentary to be determined; he gave some details 
of those found at Blackdown. He had not visited the sections 
further eastward. In answer to Mr. Whitaker he said that there is 
no indication of redeposition in the lower beds, though in and above 
bed 10 it is quite possible and, in some instances, very probable. 
In those higher beds broken fossils are frequent, and current action 
often evident. The bottom bed at Haldon corresponded with — 
about bed 12 at Blackdown. 
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7. Description of a New Species of Corau from the Mippte Lias of 
OxrorpsHirE. By Roserr F. Tomzs, Esq., F.G.S. (Read 
June 22, 1881.) 


Since the publication of my paper on the Fossil Corals of the Lias, 
published in the Society’s Journal in 1878, only one new species 
has to my knowledge been obtained from the Middle Lias of this 
country, although an interesting series has been secured from the 
Angulatus-beds of the Lower Lias of Worcestershire. I refrain for 
the present from remarking upon the latter, but describe the Middle 
Lias species as follows :— 


Fig. 1.— Two Calices of Thamnastreea (Synastreea) Walfordi, Tomes. 
(Three times nat. size.) 


THAMNASTR#HA (SYNASTRH=A) WALFORDI, 1.58. 


The corallum has a rounded depressed form, and has the upper 
surface evenly and slightly convex. The outer margin is thin. 

The calices are round, rather superficial, far apart, and irregu- 
larly placed, but with a tendency to a linear arrangement, either in 
straight lines or curves. 

The septa and septal costz are nearly straight, and have a di- 
stinctly radiate composition without any indication of a parallel 
arrangement of the coste. 

The union of the coste with those of adjoining calices is usually 
at an angle, which is sometimes very distinct, and probably indi- 
cates the position of a rudimentary wall. 

The septa and septal coste are nearly of uniform thickness, many 
of them anastomose near to the columella, into which they pass. 
They are long, rather thin, and there is no indication of their being 
perforate or having a moniliform margin. 

The columella is small and composed of papille. 

The synapticule are rather numerous, distinct, and resemble those 
of typical Fungide. 
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The under surface of the corallum is hidden in the matrix, in 
which the specimen is partly imbedded. 

Height of the corallum 1 inch. 

Diameter of the corallum about 3 inches. 

Distance of the calices from each other from 3 to 6 lines. 

From the Ammonites-spinatus beds of the Middle Lias marlstone, 
Aston-le-Walls, Oxfordshire. 

In the collection of Mr. E. A. Walford, to whom I am indebted 
for the use of the only specimen yet discovered. 

Obs. This species appertains to the subgenus Synastrea, as de- 
fined by M. de Fromentel in his valuable Introduction to the Study 
of Fossil Corals. It is distinctly one of the Fungide, the synapti- 
cule being of a typical kind. In some of the Thamnastree the 
endotheca, though not by any means dessepimental, is nevertheless 
composed of synapticule which are not of a typical form. This is 
probably the reason why the Thamnastree were placed by MM. 
Edwards and Haime with the Astreide. M.de Fromentel, however, 
as long ago as in 1858-61, when his work above referred to was 
published, had clearly distinguished a species from the Corallian of 
Champlitte as appertaining to the Fungide, and spoke of it and other 
affined species in the following words : — 

“Cette espéce montre d’une manicre 4 peu pres évidente, ce que 
déji depuis longtemps nous avons remarqué, c’est que la plupart des 
Thamnastrées ont des synapticules et non traverses proprement dites, 
et qu’elles devraient faire partie de la famille des Cyathosérimiens.” 

The present species, with one before described by me under the 
name of Thamnastrea Etheridgea*, also from the Middle Lias of 
Oxfordshire, presents the same subgeneric characters which occur 
in Thamnastrea arachnoides from the Coral Rag of Steeple Ashton ; 
and it is in some degree remarkable that the only species which 
have yet been met with in the English Lias should resemble the 
Coral-Rag rather than the Inferior-Oolite forms. 


Discussion. 


Prof. Duncan remarked on the interest of Mr. Tomes having 
found a compound coral in the Middle Lias, but he had a doubt 
whether the specimen was sufficiently well preserved to found a new 
species upon. He was inclined to think that it was very near to, if 
not identical with, the Thamnastrea Walcotti, Dunc., of the Inferior 
Oolite. He stated that to Reuss belonged the merit of removing 
the Thamnastree from the Astreide and placing them among the 
Fungide. 

The Preswpent spoke of the high value of Mr. Tomes’s work on 
the fossil Corals of Warwickshire. He agreed with Prof. Duncan as 
to the bad state of preservation of the specimen. 


* Quart. Journ. Geol. Soc. 1878, vol. xxxiv. p. 190. 
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8. Additional Nores on the Lanp Piants from the PEN-y-eLoe 
SLATE-QUARRY near CorwEN, North Wass. By Henry Hicks, 
Esq., M.D., F.G.S. (Read November 16, 1881.) 


[Puate III.] 


In my former paper, read before the Geological Society in May 1881, I 
mentioned that, in addition to the plant-remains from the Pen-y-glog 
grits and shales chiefly referred to in that paper, I had also ob- 
tained some evidence of a still earlier flora in the underlying slates. 
Since then I have revisited the slate-quarry ; and with the kind as- 
sistance of Mr. Phillips, the manager of the quarry, I have secured 
specimens which prove beyond doubt that fragments of land-plants 
occur in tolerable abundance at several horizons to the very base of 
the quarry. In consequence of the slaty cleavage and the difficulty 
therefore of obtaining bedding-surfaces, large specimens can seldom 
be found. All the specimens are in a mineralized condition, the 
larger ones in the form of anthracite with a bright glassy fracture. 
Phe anthracite is very hard; and there is often a thickness of from 

zig to + of an inch remaining as the result of the decomposition of a 
fragment of the plant*. 

The smaller stems and branches show little more than a carbo- 
naceous film. A light fibrous mineral, a hydrated magnesian sili- 
cate, now spreads more or less over the surfaces of most of the speci- 
mens and fills up also the fractures. The anthracite, though so pure, 
appears here to have been the result of the slow decomposition of one 
plant, accompanied by pressure only. The conversion could not 
have been the result of heat, as there is no evidence in the rocks or 
the associated fossils of their having been subjected to a high tem- 
perature. This fact may, I think, throw some light on the way 
vegetable matter may, in many cases, have been converted into 
anthracite. I have shown most of the specimens to Mr. Carruthers ; 
and he has kindly written me a note in which he says that “it is 


* Mr. T. Davies, F.G.S., has kindly examined the anthracite ; and he says as 
follows :— 

“Your coal is a true anthracite. Heated in a test-tube to a red heat it de- 
crepitates slightly, but gives off no appreciable quantity of gas; nor does it seem 
to be affected in any way whatever by prolonging the heating. After four hours’ 
subjection to a bright red heat, I obtained 0°5 per cent. of ash ; as you will see, 
this is considerably below that. given for some of the anthracites of Pennsy 1 
vania, though it is not improbable that some of the compact kinds of this 
(Penns. ) coal, which are regarded as quite unfit for fuel, may contain as small 
a quantity. I recollect reading in the Comptes Rendus in 1867, a notice of some 
anthracite, analyzed by M. Daubrée, which contained the following :— 


Carbott. ..js.ces hd e 97°6 
Hydrogen, 2..¢c0ce 0-7 
OXON. eupetetcee 17 

100-0 


You see here is no room left for ash.” 


Q. J.G.S. No. 149. H 


98 H. HICKS ON THE LAND PLANTS FROM THE 


Fig. 1.—Portion of dichotomously branching Stem of 
Berwynia Carruthersi, Hicks. 
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evident they were vascular plants ; for not only do the larger speci- 
mens exhibit a large amount of carbon, but there is clear evidence 
in some of the specimens of the presence of a thick vascular axis in 
the stem and of a considerable cortical covering. In one speci- 
men (Pl. III. fig. 2) there are indications of the passage of vas- 
cular bundles from the axis through the cortical layer as if to 
leaves, though there are no traces of the leaves themselves or of the 
scars which leaves would form on the stem. In addition to these 
characters, the dichotomous division of the stem points to a relation 
with the arborescent Lycopodiacez of the Devonian and Carbonife- 
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rous measures; but whether they represent a new generic type or 
an early form of Lepidodendron, cannot be determined.” 

From the specimens which have been already obtained, it is evi- 
dent that the trees attained to a considerable size, many of the frag- 
ments being from 4 to 5 inches wide as now compressed on the slabs. 
In the quarry, before the larger blocks were broken up, I traced some 
branches to some feet in length. All, as far as could be made out, 
were fragments of the trees only, as if they had floated from some 
neighbouring land into their present position. 

Though the majority of the specimens do not appear to retain in- 
dications of leaf-markings, some are wrinkled in a manner which, I 
think, proves that the plant was freely covered with leaves spirally 
arranged around the stem, as in Lepzdodendron. In some of the 
decorticated fragments (see fig. 1, Pl. III.) these markings are 
still more definite. Perhaps the most interesting are some frag- 
ments, apparently of roots, having a close affinity with Stigmaria 
(see figs. 3, 3a, Pl. III.). If these can be proved to belong to 
similar plants to the above-described stems and branches, we have 
here an interesting early type of plants combining the characters of 
Sigillaria and Lepidodendron in a more marked degree than any 
which appear hitherto to have been found. ‘This would tend also to 
confirm the view, held for some time by Mr. Carruthers and others, 
that Sigillaria was allied to the Lycopodiaceew. These specimens 
were found near the base of the quarry, in a bed which con- 
tained also some anthracitic fragments of stems; and it seemed to 
me that the evidence generally tended to show that both were frag- 
ments of different portions of the same or of similar kinds of plants. 
In these specimens a very thin film of carbonaceous matter only re- 
mains, as in the case of the younger branches. Over this surface 
are scattered, apparently with no definite order, numerous circular 
slightly raised scars. In their centre there is frequently to be seen 
a small raised point, probably the spot through which the vascular 
bundle passed (Pl. III. fig. 3a). Though the scars seem to be scat- 
tered about irregularly, yet they appear more or less in groups; and 
possibly a somewhat regular arrangement could be observed but for 
the distortion produced by the cleavage. They number in some 
places as many as twenty or more to the square inch; and their 
average size may be said to be about 54 of an inch in diameter. 
Between the scars the surface is more or less wrinkled ; and on this 
surface are seen scattered about numerous slender tapering frag- 
ments, probably portions of rootlets (see fig. 3, Pl. LII.). 

I have not been able to find descriptions of any plants hitherto 
found to which this plant with the very marked combined charac- 
ters above given could be very closely associated. The genera 
which approach nearest to it are Cyclostigma, Arthrostigma, and 
Psilophyton; but to neither of these does it seem to be very inti- 
mately allied. Iam therefore tempted, considering the numerous 
specimens which have already been found, and the apparent abund- 
ance of these plants in the early Silurian rocks of North Wales, to 
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give a new generic name; and for this purpose Berwynia, after the 
Berwyn Hills, in which the Pen-y-glog quarry is situated, seems an 
appropriate one. I propose to call the species Carruthers:, after 
Mr. Carruthers, to whom J am indebted for much kind assistance 
in my endeavours to make out these early plant-remains. 

It is possible that the spores referred to in my former paper, as 
occurring in considerable abundance in the overlying grits and shales, 
which Mr. Carruthers in his note mentioned as agreeing ‘‘ with the 
forms of the microspores of Lycopodiaces, both recent and fossil,” 
may also belong to the plant now described, as fragments of stems 
of a similar nature to those found in the slates occur also in some 
of the overlying beds in association with these spores. 

The specimen (fig. 4, Pl. III.) which I found along with the 
plants in one of the bands of shale between the grits at the top of © 
the quarry, resembles so strongly the fossil called Parka decipiens, 
found in the Old Red Sandstone in Scotland and elsewhere, that one 
is tempted to seek for some relationship between them. If, however, 
the latter are, as has been generally supposed of late years, the eggs 
of large Crustacea (Pterygotus &c.), this resemblance must be purely 
accidental, since all the evidence that I have been able to obtain at 
Pen-y-glog goes to prove that the specimens found there (and they 
are abundant in some of the beds) must be seed-vessels of some plant, 
and must, moreover, have drifted from some neighbouring land into 
their present position along with the other plant-remains. No 
Crustacea have as yet been found with them; and the large forms 
allied to Pterygotus have not been discovered anywhere in Wales, 
and probably not elsewhere in beds at so low a geological horizon. 
Moreover, in beds where other Crustacea (Trilobites &c.) oceur in the 
greatest abundance these specimens are seldom if ever found. On 
the other hand, they are invariably accompanied by plant-remains in 
all the beds in which they have been discovered. 

Description of genus and species :— 


Brerwynia CaRRUTHERSI, gen. and sp. n. 


Apparently a Lycopodiaceous plant of large size. Stem thick, 
branching dichotomously (see fig. p. 98), surface slightly furrowed 
longitudinally, decorticated specimens showing interrupted markings 
more or less spirally arranged around the stem ; branches long, and 
diminishing very gradually in their width, Root (probably of this 
plant) marked freely, but rather irregularly, with slightly raised 
rounded scars, having in their centre a small elevated point, pro- 
bably the spot through which the vascular bundle passed. The scars 
are about 7, of an inch in size, and average about 20 to the square 
inch of surface, the spaces between being slightly wrinkled. Rootlets 
slender and tapering. 
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EXPLANATION OF PLATE III. 


Fig. 1. Berwynia Carruthersi: decorticated branch. Natural size. 
2. : branch showing cortical layer, and probably at a the posi- 
tions of some leaves. Nat. size. 
3. —— (?): portion of root, showing scars and fragments of rootlets. 
Nat. size. 3a & 30, scars and rootlets: X 2. 
a. (?): fragment of a capsule containing numerous spore-like 


bodies. Nat. size. 4a, spore-like bodies: X 8. 


Discussion. 


Mr. CarrutHEerRs complimented Dr. Hicks upon his persevering 
investigations of these unpromising rocks. Not much could be 
said about the materials. The carbon (in the condition of anthra- 
cite) of the plants was remarkably preserved, because the remains 
had been sealed up in clay ; but it was in such a condition that not 
much could be determined as to the plants. The cutward form, how- 
ever, was to some extent preserved; and from indications, though 
obscure, he considered the remains not Alge, like those formerly 
discovered by Dr. Hicks, but higher forms of dry-land vegetation 
belonging to the Lycopodiacee. 

Dr. Sterry Hunt said he agreed with Mr. Carruthers as to the 
cause of these remains being anthracitic. He thought, as a rule, 
that conversion into anthracite was due not to heat but to circum- 
stances of deposition. Where there was free passage for atmospheric 
water, anthracite was likely to result. 

Prof. Rupert Jonzs said that Principal Dawson had called atten- 
tion to the parts of the old jungles which had helped to make coal. 
Those portions of the fallen wood which had remained for a time 
exposed to the air had been converted into mineral charcoal. 

Prof. Duncan doubted whether all the remains were of vegetable 
origin, and said that dichotomy did not prove the remains to be plants. 
He thought some of the markings might be merely mineral. Others, 
however, he thought were true plant-remains. 

Mr. Carruruers, after pointing out that the metamorphic action 
which had converted the substance of the plant into anthracite 
would leave no tissue that could be distinguished, stated that his 
experience as to the remains of plants in the state of carbon occur- 
ring in arenaceous rocks differed from Dr. Sterry Hunt’s ; for he had 
never found that the carbon remained in these porous rocks. It was 
not so in the Carboniferous Sandstones of Scotland. 

Dr. Woopwarp said plant-remains (Glyptodendron) had been found 
in America slightly lower than those of Dr. Hicks ; so there was no 
improbability in the latter being plant-remains. 

Mr. Tawney asked if there were not marks of Graptolites on the 
slabs, and how would these be associated with land-plants ? 

Prof. Morris thought some of the markings might not be con- 
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nected with the structure of the plants, but that possibly they were 
spores of some kind. ‘The structure of the shale seemed interesting 
and should be further carefully examined. The plants of the 


Halifax Coal-measures were derived from the Ganister series, where . 


they were associated with <Aviculopecten, Goniatites, and other 
marine forms. | 

The Presipent said that the cortical portions of Szgzllaria in the 
sandstone of the Pennant measures were often converted into a 
substance resembling anthracite. Some of the specimens of Dr. 
Hicks could hardly be other than vegetable. 

Dr. Hicxs said he had referred in his previous paper to Glypto- 
dendron. It was as nearly as possible on the same horizon. The 
structure noticed by Prof. Duncan was natural to the anthracite. 
Plants were commonly found in these older beds associated with 


marine remains. He had referred to the fact that all the plant- 


remains were in a fragmentary condition, and that they must have 
drifted into their present positions. 
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9. Norzs on Prororaxires and Pacuytuxca discovered by Dr. Hicks 
wm the DENBIGHSHIRE Grits of Corwen, N. Wares. By Prin- 
crpaL Dawson, LL.D., F.R.S., &¢., M‘Gill College, Montreal. 
(Read November 16, 1881.) 


SPecmmEns of the first-mentioned fossil were kindly sent to me by 
Dr. Hicks, at my request, but unfortunately arrived when I was at 
my summer residence at Little Metis. Though without the means 
of examining them microscopically, I ventured to write, after 
studying them with a good pocket-lens, that they resembled Pro- 
totawites, and could not be referred to Alge. The latter conclu- 
sion might appear rash; but there are, to the practised eye, indi- 
cations in specimens of this kind which can scarcely deceive. 
The fibrous and highly carbonaceous nature of the darker speci- 
mens, and the silky and incoherent texture of the lighter-coloured 
ones, are characters never found in any fossil plants except those 
having durable woody tissues. Further, the occurrence of the 
material in angular fragments and in a condition approaching to 
that of the mineral charcoal ofthe Coal-measures, proves subaerial 
decay, little likely to have occurred in the case of aquatic plants. 
From the state of preservation of the specimens, I also inferred that, 
if really of the nature of Prototaxites, they might throw some addi- 
tional light on its structure, as the specimens previously studied had 
been from entire trunks in a silicified state. 

On my return to town, I found awaiting me the Journal of the 
Geological Society containing Dr. Hicks’s paper; and the figures 
there given showed at once the correctness of the reference made by 
Mr. Etheridge of the plant to Prototaxites, and its close resemblance 
to P. Logan*, except in the appearance of bifurcating fibres, a cha- 
racter which I have not observed, and which may be merely an 
error in observation or in drawing. 

Portions of the specimens sent by Dr. Hicks were at once pre- 
pared, not only by slicing but by treatment with boiling nitric acid, 
and by diffusion of the more lax fibres in water and in Canada 
balsam. On examination they gave the results stated below. 

In state of preservation the two kinds of specimens examined 
are somewhat different. The dark variety has the long cells or 
woody fibres filled with rods of transparent siliceous matter, and 
the walls are represented by a thick structureless layer of carbon, 
which often shows angular cracks, such as appear in the walls of 
thick-walled woody fibres when carbonized. These cracks are some- 
times transverse, giving a scalariform appearance, but they do not 
represent a true structure. The internal siliceous casts, when bared 
by nitric acid of their carbonaceous coating, show here and there 
transverse or spiral markings, produced by the projection of the 
ligneous lining on the inner side of the cells. There is no trace of 


* Report on Devonian Plants of Canada, 1871, pl. ii. 


Q. J.G.S. No. 150. I 
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the intercellular flocculent matter produced by decay of the outer 
surfaces of the cells or their connecting tissue, such as I have 
described in the silicified trunks of Prototawites. 

The lighter-coloured variety has probably been originally preser- 
ved in a similar manner; but the woody envelope of the fibres has 
been entirely removed, leaving only the siliceous internal casts, 
which are so lax that they can be scraped into water and viewed as 
transparent objects without slicing. This is precisely the state of 
the asbestos-like silicified Coniferous wood found in the gold gravels 
of California. These rod-like siliceous casts preserve on their sur- 
faces distinct traces of the irregularly spiral ligneous lining of the 
perished cell-wall. A few of them also show rounded bodies of 
brownish colour in their interior. These may be ferruginous con- 
cretions, but are possibly granules of resinous matter, in which case 
such tubes may represent resin-cells. 

In all the above particulars these specimens confirm my original 
determination of the woody character of Prototawxites, to which genus 
they undoubtedly belong. They differ, however, from P. Logani in 
the smaller diameter of the fibres, and in the ligneous lining, which 
presents the appearance of interrupted transverse bands rather than 
regular spirals. These characters would seem to indicate a distinct 
species, which may therefore be named P. Hicksiz, in honour of its 
discoverer*. I may recall here a statement made in my report on 
the Devonian plants of Canada, that in 1870, when Mr. Etheridge 
was so kind as to permit me to examine the slabs in the Jermyn- 
Street Museum, with Pachytheca of Hooker from the Ludlow, 1 
recognized, associated with this, fragments of wood having the 
structure of Prototawites. The similar association in Dr. Hicks’s spe- 
cimens and the peculiar fibrous structure of the walls of Pachytheca, 
as figured’ by Mr. Etheridge, may well excite the suspicion that these 
bodies are connected with Prototawites, especially as similar round 
bodies are seen in beds holding this fossil in Canada, though without 
distinct structure. In this connexion it is to be observed that the 
bodies in question are probably seeds rather than spore-cases, and 
that they have the structure of theotesta, to which, in a recent 
paper in the Journal of the Geological Societyy, I have referred a 
similar seed, found in the Devonian of Scotland. 

With reference to the affinities of Prototaxites, I have not made 
the crude assertion attributed to me, that this plant “ belonged to 
Taxines.” I merely compared its structure to the lax spiral fibre of 
some Taxine trees, and especially to certain Taxine woods fossilized 
after long immersion in water, with which we are familiar in the 
Tertiary formations. This was all that was intended by the name 
Prototaxites, except to suggest that this plant was one of the proto- 
typal gymnosperms of the Paleozoic period. Further, in consequence 
of its upper limit in Canada being apparently the Lower Devonian, 
where it comes into contact with the wood of the earliest species of 
Dadoxylon, I have conjectured that it would be found in much older 


* Instead of Nematophycus Hicksii, as proposed by My. Etheridge. 
t Vol. xxxvii. p. 306, pl. xii. fig. 14. 
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formations*, and am therefore not surprised to find this conjecture 
realized by the discovery of Dr. Hicks. 

In the specimen sent to me there appears, besides the fragments of 
Prototaaxites and a few rounded impressions probably of Pachytheca, 
a fragment of the rhizoma of Psclophyton and portions of epidermal 
tissue. The state of preservation of these bears additional testimony 
to the woody and durable texture of Prototaxites. Still further, 
in recent explorations in the Bay de Chaleur, I have found in the 
Lower Devonian silicified trunks of Prototaaites two feet and a half 
in diameter; and these lie in beds abounding in entire specimens 
of Psilophyton, some of them apparently in the place of their growth, 
and in a formation which contains only land plants, associated in 
some layers with remains of fishes and of bivalve Crustaceans, minute 
Gasteropods, and Spzrorbis, the whole much resembling the coal- 
formation in its mineral character and grouping of fossils. The idea 
that Prototaxites may have affinities with Algz has been sufticiently 
disposed of in my communication to the ‘Monthly Microscopical 
Journal’ in 1873; and the characters and state of preservation of Dr. 
Hicks’s specimens fully confirm the reasoning in that paper. The 
large. specimens recently obtained at the Bay de Chaleur also enable 
me to reaffirm the existence of a dense coaly bark at the surface of 
these trees. Some of them show on their weathered ends evidence 
of remarkably regular exogenous rings, extending from the surface 
nearly to the centre. There may, however, have been an internal 
axis or medulla, different from the outer structure ; and this I hope to 
be able to ascertain by series of slices from the centre tothe circum- 
ference of the trunk. 

I have lately had a number of slices made of the large silicified 
trunks found last summer near Campbellton, New Brunswick. They 
present appearances of a very peculiar and interesting character. 


In the better-preserved specimens the large cylindrical fibres are filled 


with rows of rounded concretions of silica, often enclosing limpid 
hexagonal crystals. In many cases they present the most deceptive 
resemblance to the bordered pores of coniferous wood, and in other 
modes of occurrence might be mistaken for spores of some parasitic 
fungus. Under polarized light, however, they are seen to be merely 
crystalline and concretionary ; and when the fibres show their true 
structure, this is reticulated or spiral, as in the ordinary specimens 
of Prototaxites. In many parts of these specimens, however, the 
formation of granular crystals of quartz has completely disorganized 
the structure. I have referred to concretionary appearances of the 
kind above described, in my “ Report on the Devonian Plants of 
Canada,” as occurring in the Gaspé specimens of Prototaxites; but 
they are coarser and less beautiful than in those from Campbellton. 

It is possible that these appearances may throw some light on the 
globular bodies observed in the cells of the Welsh specimens of 
Prototaaites and Pachytheca, though IT cannot certainly affirm that 
the latter are concretionary and not structural. 

* Report on Devonian Plants. 
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I have sent a fragment of the Campbellton Prototaxites to Mr. 
Carruthers, and have no doubt that, if sliced, it will show the 
peculiar state of mineralization above described. 


Mr. Hicks having been so kind as to send me a specimen of the 
Pachytheca from Corwen, I have compared it with Mr. Etheridge’s 
figures and description, and with similar objects from this country 
and elsewhere. Mr. Etheridge’s figures very accurately represent 
the specimen examined by me; but I would make the following 
additional remarks. The specimen is globular, but slightly flattened 
in the plane of the bed. It is three millimetres in diameter, and 
consists of an internal globular nucleus of granular texture, rather 
more than one millimetre in diameter, surrounded by a thick testa 
or outer envelope of radiating fibres. The fibrous part is in the same 
state of preservation as one of the kinds of associated fossil wood, 
the walls of the fibres being carbonized and the cavities filled with 
transparent silica. Under high powers the “ spore-like bodies ” 
referred to by Mr. Etheridge resolve themselves into alternate swel- 
lings and contractions of the cavities of certain of the fibres, others 
presenting a more uniform cylindrical form. The latter occasionally 
show the irregular transverse bands observed in the wood of Protc- 
taxites from the same locality. ‘The internal nucleus is apparently 
wholly granular, as if it had been composed of parenchymatous 
tissue. 

There are in my cabinet specimens of similar bodies in a pyritized 
state, from the Upper Silurian (Lower Helderberg) of Cape Bon Ami, 
in New Brunswick, where they are found associated with fragments 
of wood of Prototaxites. Though on the whole less perfectly pre- 
served, as to structure, than the Welsh specimens, when sliced in 
certain directions they present traces of a micropyle and embryo, 
and are, in my judgment, true seeds. 

There seems little doubt that these New Brunswick specimens and 
those from Corwen may be referred to Brongniart’s genus theo- 
testa, and that they are nearly allied to my Ztheotesta devonica from 
the Devonian of Scotland (discovered by Rev. Thomas Brown, of 
Edinburgh). In connexion with the structures observed in the 
Corwen specimens, it is worthy of note that Brongniart says of his 
species 47. subglobosa, from the coal-formation, that the testa is 
“ thick, homogeneous, formed of fibres or elongated cells perpendi- 
cular to the surface. These fibres appear, in one specimen, to be in- 
termived with little globular cells, possibly in consequence of altera- 
tion of the tissue”*. This is precisely the appearance presented by 
the testa of Pachytheca. Brongniart’s Zitheotesta is undoubtedly a 
seed, and he compares it with the nut-like seeds of Taxinee, 

Pachytheca has now been found associated with Prototaxites, not 
only at Corwen, but also in the Upper Ludlow of England, in the 
Upper Silurian of Cape Bon Ami, and in the Lower Devonian of 
Bordeaux Quarry opposite Campbellton in New Brunswick ; and since 
the structure of the Corwen specimen corresponds with that of Pro- 


* Annales des Sciences, tome xx. série 5. 
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totaxites, the presumption becomes strong that the connexion is not 
accidental, Under these circumstances, and considering the Taxine 
affinities of Aitheotesta, it would seem that Pachytheca may be 
accepted as affording some corroboration of the gymnospermous 
nature of Prototaxites*. 

Dr. Hicks has also sent a specimen of the so-called “ micro- 
spores”’ found with Pachytheca. They occur in this specimen in a 
little semicircular patch or group, and are represented by mere im- 
pressions without any trace of organic matter. The lobed or fur- 
rowed appearance which they present gives to some of them the 
aspect of tetraspores enclosed in mother-cells, like the “* Triplospo- 
rites’’ of Brown, in which case they might, as suggested by Mr. 
Carruthers, be Lycopodiaceous ; but these furrows are so irregular 
that they may be accidental wrinkles. The occurrence of these 
objects in patches or groups suggests affinities with the Parka 
decipiens’ of Fleming, a Devonian fossil at one time believed 
to be vegetable, but more recently referred to ova of Crustaceans. 
Similar groups of small rounded bodies occur in the Devonian of 
Gaspé; but I have not been able to decide as to their nature. 


DIscussIon. 


The Prusrpmnt referred to the wide interest which the discoveries 
of Dr. Hicks had evidently excited. 

Mr. Carrutuers referred to a specimen sent to him by Dr. 
Dawson, which had its structure beautifully exhibited externally 
from weathering, and which he hoped to study by means of 
sections. He thought that Dr. Dawson’s ideas were the result 
of having examined the specimens by imperfect means. He 
insisted that the minute structure of these plants was quite dif- 
ferent from that of Conifers. The stems are made up of inter- 
lacing tubes; the smaller, which crossed the larger obliquely, were 
not spiral fibres inside wood-cells as supposed by Dr. Dawson. 
He thought no one acquainted with the minute structures of Coni- 
ferous wood and of Algse could be led to accept the views of Dr. 
Dawson. The pseudo-exogenous structure is found in some living 
Alge, asin Laminaria. With respect to Pachytheca he had always 
experienced great difficulty at arriving at any conclusion. He 


* Tt occurs to me to add here that the beds in which Prototawites is met with, in 
Gaspé and near Campbellton, contain no marine remains, but only land-plants; 
and though it would appear that in the Corwen beds the plants are associated 
with marine remains, yet the nature of the specimens sent to me is evidently 
of littoral rather than deep-sea character, and here also they are associated 
with land vegetation. These modes of occurrence, as I have elsewhere pointed 
out, are not in harmony with the supposition that in these plants we have to 
deal with great oceanic Algzw. Nor does this supposition accord with the fact 
that the wood of Prototaxites retains its form and is silicified in beds in which 
herbaceous land-plants are perfectly flattened. 

t Lyell, ‘Student’s Elements,’ p. 444; Nicholson, ‘ Paleontology,’ vol. i. 
p. 382 (Dr. Hicks has, I see, made the same suggestions in his ‘“‘ Additional 
Notes,’ Quart. Journ, Geol. Soc., Feb, 1882). 
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thought that Sir Joseph Hooker was justified in referring it to 
Lycopodiaceze from the materials at his command. He had long 
known that Pachytheca had a cellular structure filling its inte- 
rior, consisting of tubular cells like those of the wall, but matted 
together. He was inclined to doubt whether they are really vege- 
table, and may not be animal remains. Mr. Storrie, of Cardiff, had 
- sent him, years ago, well-preserved and beautifully prepared sections 
of Pachytheca showing the whole from centre to circumference ; 
these led him to doubt their vegetable origin. He wished that 
zoologists would examine Pachytheca. He was satisfied, from the 
specimens on the table exhibited by Dr. Sterry Hunt, that the 
Eopteris of Saporta is really not a plant but a crystallization of 
pyrites, as suggested by M. Meunier-Chalmas. 

Dr. Duncan remarked upon the wonderful discrepancies of opinion 
that prevailed. Hedid not regard the central part of Pachytheca as 
a mycelium. He regarded it as the float or conceptacle of a seaweed. 

Prof. Jupp stated that he exhibited, on behalf of Mr. Tatsenron 
Dyzr, two sections of Pachytheca. Mr. Thiselton Dyer regretted 
that he was unable to be present at the Meeting, but had sent Prof, 
Judd a letter, from which he read the following extract :— 


“ Kew, 
November 15, 1881. 


*T have to thank you for drawing my attention to the paper and 
discussion in the August number of the Quarterly Journal. Having 
read this, I venture to think that the specimens which I am placing 
in your hands my be found of some importance if exhibited at the 
meeting. 

“Their history is briefly this. Some time ago Sir Joseph Hooker 
received from Mr. Grindrod a number of specimens of Pachytheca 
im situ on pieces of rock. As these examples of the fossils were 
apparently well preserved, two or three were detached and intrusted 
to Mr. Norman, who made the sections which are now in your 
hands. Sir Joseph Hooker did not see his way to any definite con- 
clusion as regards the structure which they exhibited. He, how- 
ever, allowed me to examine them, and they have since remained in 
my possession. The conclusion which I arrived at was that their 
structure agreed, in general plan, with that of Codiwm, as shown 
in Kiitzing, ‘ Phycologia Generalis,’ pl. 42. f. 1. 

*‘ As a possible algal nature has been suggested for Pachytheca by 
Mr. Etheridge, I think it may not be considered presumptuous on 
my part to now state that I have been of opinion, ever since I 
studied the sections, that Prototawites and Pachytheca are both refer- 
able to the same morphological type of structure. The radiating 
cells in the latter terminate internally in loosely interlacing slender 
filaments, with which the central cavity has been apparently filled. 
Pachytheca does not resemble any type of sporangium with which I 
am acquainted; the structure, as displayed in the specimens, has a 
certain resemblance to that of the sporocarp of Pilularia; but'I 
cannot reconcile what I have seen of it with the supposition that it 
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was a reproductive structure belonging to any type of vascular 
eryptogam. 

_ “ According to the view which I take of Pachytheca, it was an 
algal organism, closely resembling in essential structure a dimi- 
nutive Codiwm, but with the peripheral cells branched instead of 
simple. I do not see any evidence to lead me to suppose that it 
was related to Prototaxites as a sporangial organ. The existence of 
Prototaxites on modern biological views necessarily implies the 
existence, at some time or other, of allied forms; and I do not see 
why Pachytheca should not have been a contemporaneous one.” 


Dr. Hicxs explained the way in which the specimens had come 
into Principal Dawson’s hands. 

The PREsIDENT supported Mr. Carruthers’s views as to the non- 
coniferous character of Nematophycus. With regard to Pachytheca 
he felt great doubts. 
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10, The Rup Sawnps of the Arasran Desert. By J. Anruur 
Purtuirs, Esq., F.R.S8., F.G.S. (Read December 21, 1881.) 


Tue Nefid, or great red desert of Northern Arabia, commencing 
about four hundred miles east of Sinai, extends from the walls 
of Lina in the east to Teyma in the west, and from the edge 
of the Jof basin in the north to the foot of Jebel Aja in the south. 
Its extreme breadth is 150 miles, and its greatest length 400 miles ; 
but the whole of this area is not composed of continuous sands. 
The most eastern portion of this desert (and probably its most 
western extremity also) consists of a series of long parallel sand-drifts 
from half a mile to five miles in width, separated by intervening 
strips of solid plain. 

Palgrave describes the Neftd as ‘‘ an immense ocean of loose red- 
dish sand unlimited to the eye, and heaped up in enormous ridges 
running parallel to each other from north to south, undulation after 
undulation, each swell two or three hundred feet in average height, 
with slant sides and rounded crests furrowed in every direction by 
the capricious gales of the desert. In the depths between, the 
traveller finds himself, as it were, imprisoned in a suffocating sand- 
pit, hemmed in by burning walls on every side, while, at other times, 
while labouring up the slope, he overlooks what seems a vast sea of 
fire swelling under a heayy monsoon wind and ruffled by a cross~' 
blast into red-hot waters” ™*. 

Lady Anne Blunt, in her ‘ Pilgrimage to Nejd, remarks with 
regard to this desert, ‘the thing that strikes one first about the 
Nefiid is its colour. It is not white, like the sand dunes we passed 
yesterday, nor yellow, as the sand is in parts of the Egyptian desert, 
but a really light red, almost crimson in the morning when it is wet 
with the dew”. 

She subsequently describes the great horseshoe hollows (“ fuljes”’) 
scattered all over its surface, which, although varying from an acre 
to a couple of hundred acres in extent, are precisely alike in shape 
and general direction. 

They exactly resemble the track of an unshod horse, the toe being 
sharply cut and nearly perpendicular, while the rim of the hoof 
gradually tapers to nothing at the heel, the frog being roughly re- 
presented by broken ground made up of converging dried up water- 
courses. The diameter of some of the largest of these depressions 
is fully a quarter of a mile, and the depth of the deepest, measured 
by Mr. Wilfred S. Blunt, proved to be 280 feet, thus bringing their 
level down almost exactly to that of the gravelly plain, which is 
doubtless continued beneath the sand. 

The thickness of the sand is described as being by no means every- 


* Palerave (W. Gifford), ‘ Narrative of a Year’s Journey through Central and 
Eastern Arabia,’ p. 62. 

t ‘A Pilgrimage to Nejd, the Cradle of the Arab Race,’ vol. i. p. 156; by 
Lady Anne Blunt. London: 1881, 
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where the same, since the intermittent parallel ridges before referred 
to are comparatively shallow, while their depth bears a constant 
relation to their width. The highest sand ridge by the Haj road is 
estimated at barely eighty feet, while others are but twenty feet in 
depth ; on the other hand the continuous Neftd between Jof and 
Hail has a depth of at least two hundred feet. Mr. Blunt suggests 
that these intermediate ridges may possibly throw some light upon 
the original formation of the mass. It would appear, he thinks, as 
if the wind acting upon the sand first drove it into lines, and these 
growing broader and deeper at last filled up the intervening spaces 
and formed themselves into a continuous desert™. 

Although the Nefid has been described as a totally barren waste, 
recent travellers state that it is everywhere, excepting on the highest 
summits of the sand hills, thickly sprinkled with brushwood, garda- 
trees, and tufts of grass, the “fuljes” being especially well clothed 
with vegetation. 

From this circumstance, from the fact that sticks, stones, and 
other objects left upon the surface remain for many years uncovered, 
and that in crossing the desert the same landmarks are constantly 
made use of, Mr. Blunt concludes that at the present time these 
sands are not subjected to any material change of position from 
changes in the direction of the winds. He is moreover of opinion 
that although wind has at some time unquestionably caused the 
formation of the Nefiid, it now represents a state of comparative 
repose, as the winds which formerly heaped up these immense masses 
of sand were more violent than those which now prevail. 

A specimen of Neftid sand taken between J6f and Hail, for which 
I am indebted to the kindness of Lady Anne Blunt, was found to be 
composed of well-rounded distinctly red grains, varying in size from 
sy to =; of an inch along their greatest diameter. Some few of 
these grains have evidently been broken, and the resulting sharp 
edges have again become partially rounded. 

By treatment with hydrochloric acid this sand becomes colourless ; 
and on estimating the ferric oxide thus removed from a given weight, 
it was found to amount to -21 per cent., or a little more than =4, 
of the total weight of the material operated upon. In addition to 
ferric oxide a small quantity of alumina was removed by the acid. 

It is consequently evident that the superficial coating of oxide of 
iron must have been formed subsequently to the period at which the 
rounding of the siliceous grains had been completed. 

In order to ascertain to what extent this covering of ferric oxide 
could have resulted from the external decomposition and oxidation 
of the materials constituting the grains themselves, an analysis was 
made of the dried sand remaining after the attack by hydrochloric 
acid. ‘This analysis afforded the following results :— 


* Op. cit. vol 11, Appendix, p. 24, 
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Lime, Magnesia, and Alkalies .......... 0.00%, traces. 
99°69 * 


It follows, therefore, not only that the external coating of ferric 
oxide must have been deposited subsequently to the rounding of 
the sand, but also that it could not have been derived from an ex- 
ternal decomposition of the grains themselves, since the total amount 
of iron which they contain scarcely exceeds that removed from their 
surfaces by digestion in dilute acid. 

Seeing that the oxide of iron cannot have been the result of 
chemical action upon the sands themselves, it becomes somewhat 
difficult to imagine whence it can have been derived. The 
rounded grains covered by a coating of iron oxide, readily removed 
by hydrochloric acid, exactly resemble those of some of the “ millet- 
sandstones” of Triassic age. In the latter instance, however, the 
iron has doubtless been deposited either during a period of sub- 
mergence or subsequently by percolation from overlying strata, 
both of which conditions would, in the case of the Nefid, appear to 
be improbable. 


Discussion, 


The Presipent asked if any one present was prepared to offer a 
suggestion as to the origin of the iron coating the grains. 

Rey. A. Irvine suggested that vegetation might be the agency 
by which the iron was separated and deposited on the sand grains. 

Mr. Drew pointed out that the action of vegetation on the sands 
of the Bagshot beds was to bleach, and not to colour them with 
oxide of iron. 

Prof. SreLry suggested that slight solution of the grains might 
have taken place owing to the constant deposition of dew on these 
sand grains, which would assist in rounding them and leave the 
surface coated with iron oxide. 

Prof. Morris said that in few of the old sands and sandstones 
were the quartz grains perfectly rounded. He referred to some 
crystalline sandstones of Penrith, and suggested that they might be 
derived from limestones, in which such crystals are often developed. 
Certain French geologists have suggested an eruptive origin for some 
Tertiary sands in which also prisms of guartz occur. 

Dr. Hicxs pointed out that in nearly all the old rocks most of the 
grains were but slightly rounded, and some tolerably perfect crystals 
also were generally present. 

Mr. Purtties said that the most remarkable thing about the sand 


* The amount of material at my disposal was not sufficiently large to admit 
of the estimation of substances present in very small quantities only. 
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grains was their completely rounded character, and the fact that 
the iron was chiefly present on the outside. There is generally 
more iron oxide on the grains of the millet-seed sandstones of the 
Trias than on the desert sand. If Prof. Seeley’s suggestion were to 
be adopted we must suppose that each grain of the sand was origi- 
nally twice as large as at present. The only cases in which he had 
found the smallest grains of a sand rounded were in wind-blown 
sands. He pointed out that it would require the solution of 
enormous quantities of limestone to produce the thick beds of crys- 
talline sandstone which had been referred to, 
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11. The Torripon Sanpstone in relation to the Orpovroran Rooxs 
of the Norraern Hieuuanps. By C. Cartaway, Esq., M.A., 
D.Se. Lond., F.G.S. (Read December 21, 1881.) 


Tur late Sir R. I, Murchison and his co-worker, Prof. A. Geikie, 
came to the conclusion that the Sutherland quartzites rested uncon- 
formably upon the Torridon Sandstone, and from this break in the 
succession they inferred that the latter was the equivalent of the 
Longmynd or Harlech series, the Upper Cambrian being wanting. 
In some localities the sections, seen from a distance, seem to con- 
firm their opinion; but a careful and detailed examination made 
last summer convinced me that, in some localities at least, this 
appearance is deceptive, and that the sandstone passes up with 
perfect conformity into the quartzite. I was accompanied during 
my work by Mr. G. H. Bailey, B.Sc., of Tettenhall College, to 
whom I am indebted for much intelligent and active assistance, 


Loch Broom. 


Looking up at the section from the road, near the Ullapool Hotel, 
the quartzite is seen to dip east-north-east at 15°, while the Torridon 
seems to lie in horizontal beds. This appearance of the latter is 
due to a number of grooves, many of them horizontal, which cross 
the face of the sandstone cliff and suggest bedding. On a closer 
investigation the true stratification, as indicated by the principal 
pebble bands, is found to be conformable to the overlying quartzite. 
Besides this, we have the clearest evidence of a gradual passage 
between the two groups. The Torridon, which is mainly made up 
of quartz and felspar, grows more quartzose towards the top, 
and passes into the basement beds of the quartzite, which contain 
scattered grains of felspar and graduate upwards into pure quart- 
zite. Some of the passage beds are of so intermediate a character 
that it would be impossible to refer hand specimens with certainty 
to either series. 

Further to the west, in the quarries above the village, the sand- 
stone is well exposed, and, though the stratification is much obscured 
by current lamination, it is seen to be in conformity with the 
quartzite. 


Strath Auchall. 


The junction of the two series may be well studied on the north 
side of the valley which runs up from Ullapool to Loch Auchall. 
The sandstone passes under the quartzite with perfect conformity, 
the dips of both being unmistakably clear; and here also we have 
the gradual lithological passage seen on Loch Broom. But this 
section furnishes an additional proof of continuity. Both groups 
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display very distinct current-lamination, and at one spot the 
lamination (dipping easterly at 45°) in a bed forming the base of the 
quartzite is parallel to the lamination in the bed of sandstone which 
immediately underlies ; so that it would appear as if the same cur- 
rent which threw down the stratum of felspatho-quartzose sand, 
after an interval deposited the bed of quartzose sand. 

Following the quartzite up the valley, we come to an abrupt hollow 


in the hillside, and on the opposite slope we again reach the Torridon, 


thrown up by a fault, and the conformable upward passage into 
quartzite is repeated. 


Between Ullapool and Strath Kennort. 


The Torridon Sandstone is well seen for several miles along the 
road from Ullapool to the north. The bedding is quite distinct, the 
dip still being steady at an angle of from 10° to 15°, at first to east- 
north-east, and then, towards Strath Kennort, to the south-east. 
Nowhere did we observe horizontal stratification. 


North side of Loch Assynt. 


On the south slope of Queenaig there is, as at Ullapool, a super- 
ficial appearance of unconformity, which vanishes on examina- 
tion. ‘Towards the base of the quartzite, angular bits of felspar 
begin to come in abundantly, and the rock assumes the form of 
a quartzo-felspathic grit, as on Loch Broom. We first worked 
along the section at an elevation of about a hundred yards 
above the road, and at this level the sandstone for some distance 
seemed to lie horizontal; but as the rock was full of current lami- 
nation, the true bedding was difficult to determine. At about a 
quarter of a mile to the west of the junction, the obscurity disap- 
peared, and the lower part of the Torridon, consisting of flaggy beds 
and more aluminous in composition, was observed to dip in con- 
formity with the quartzite. This inclination was steadily main- 
tained right down to the Lewisian gneiss. I then worked back 
towards the quartzite at the level of the road, and, when possible, 
on the shore of the loch. Along this line, the conformity of the 
sandstone to the quartzite is quite clear. The appearance of horizon- 
tality at the higher level was puzzling, but it is apparently connected 
with current-lamination. It is at any rate quite certain that where 
this lamination is absent, the bedding of the Torridon is distinctly 
parallel to that of the quartzite. 

It will perhaps help to explain some difficulties to observe that 
the dip of the rocks gradually decreases as we descend in the series. 


~The usual dip of the upper part of the quartzite is 15°, which 


towards the base diminishes to 10°. The underlying Torridon 
Sandstone sometimes reaches 10°. It is usually rather lower, but 
even at its base it is not less than 5°, and it dips throughout in the 
same direction (east-north-east) as the quartzite. 
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In this district, as at Ullapool, the quartzite is frequently full of 
current-lamination. The persistence through the two series of the 
same conditions of deposit adds something to the evidence in favour 
of their conformity. 


South of Unapool. 


A few miles to the north of the last locality, on the slope above 
Unapool, the Torridon Sandstone, which has rapidly thinned out to 
a few score feet, dips to the south-south-east at 10°, the quartzite 
overlying it with perfect conformity and containing grains of the 
usual red felspar at the base. 


Summary of Evidence for the Conformity. 


In every section examined the following facts were observed :— 

1. Perfect agreement of dip between the sandstone and the quart- 
zite. 

2. A gradual lithological passage from pure quartzite through 
quartzo-felspathic grit into ordinary Torridon Sandstone. 

In most localities it was also noticed that, 

3. Similar conditions of deposit prevailed through both formations, 
as seen in the frequent presence of cross lamination. 

It is also important to point out that, 

4. Change of dip in one group is, so far as these observations 
extended, uniformly accompanied by the like change in the other. 
Thus, while both series dip to the east-north-east in the Ullapool and 
Assynt districts, the inclination of both is to the south-south-east 
above Unapool. 


Age of the Torridon Sandstone. 


Jf I am justified in the above conclusion, it is obvious that the 
Lower Cambrian age of the Torridon can no longer be maintained. 
It is generally admitted that the fossils of the Durness Limestone* 
determine the Arenig age of the quartzo-calcareous series. The 
Torridon must then be either Upper Cambrian or basement Ordovi- 
cian. In the absence of fossils, it will be difficult to settle the 
question ; but the physical evidence seems to me to be against the 
Cambrian age. For, in the first place, both the Torridon and the 
quartzite, being full of oblique lamination, must have been quickly 
accumulated. The rapid thinning out of the former and the fre- 
quency of conglomerates point to the same conclusion. Besides 
this, it will, I think, be found necessary to reduce the usual estimates 
of the thickness of the deposits. On Loch Assynt, the Torridon 
Sandstone does not exceed 1000 feet, most of which must have been 
rapidly thrown down. Should the thickness elsewhere be doubled 


* This argument takes for granted the generally received view that the Dur 
ness and Assynt limestones are of the same age. Thisis denied by Prof. Heddle 
(Mineralogical Magazine, Aug. 1881).—C. C., March 28, 1882. 
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or even trebled, the question would not be materially affected, since, 
in these shore-deposits, great accumulations may be formed in a few 
millenniums. The overlying quartzo-calcareous series nowhere, 1 
believe, reaches a maximum of 500 feet, the great prominence which 
it assumes in the lofty mass of Ben More of Assynt being due to 
frequent repetitions by faulting and folding. Accepting an extreme 
estimate, the united sandstone and quartzite will hardly exceed the 
thickness of the Arenigs of Shropshire, which, composed mainly of 
shales and fine-grained flags, must have been accumulated with much 
less rapidity ; and the Highland groups must fall short of the Arenigs 
of South Wales, which Dr. Hicks calculates at nearly 4000 feet. 
There would therefore appear to be no sufficient reason for sepa- 
rating the Torridon Sandstone from the Ordovician system. 


Discussion. 


Mr. Huptzston said that Dr. Heddle maintained the unconformity 
of the quartzites with the Torridon Sandstone, and he was extremely 
well acquainted with the district. This was a question of evidence 
which could hardly be brought before the meeting; but as regards 
the age of the sandstone it was possible that the limestones over 
the quartzites were not of the same age as the Durness Lime- 
stone; the old statements as to fossils having been found in the 
limestone and quartzite group did not seem to have been sub- 
stantiated. The chemical composition of the two differed; the 
fossiliferous limestone of Durness was not dolomitic, the others 
were, containing sometimes 48 per cent. of carbonate of magnesia ; 
if these are different the theories built upon their supposed identity 
fall to the ground. 

Mr. Drew asked if Dr. Callaway had visited the same section 
that Sir Roderick Murchison had described. 

Dr. Hicxs said that he thought if Dr. Callaway had carried his 
sections further south he would have seen unconformity. In the 
neighbourhood of Loch Maree the Torridon Sandstone was nearly 
4000 feet thick, and the quartzite within a very short distance 
rested directly upon the gneiss, so that an unconformity was needed. 
He could not agree, however, with the views of Dr. Heddle as to 
the non-identity of the limestone of Durness with that of the other 
districts. He thought that the Torridon Sandstone represented the 
Lower Cambrian, and the quartzite series, which contains evidences 
of worm-tracks, some part of the Lower Silurian. 

Prof. Bonnry said he agreed with Dr. Hicks in thinking that the 
Loch-Maree quartzites were unconformable with the Torridon Sand- 
stone; at the same time he was prepared to believe there was con- 
formity further north. He believed, from microscopic examination, 
that the limestone in Glen Laggan was dolomitic, and thought that 
Prof. Heddle’s solution of the question was the right one. He 
eould not think the Torridon Sandstone Ordovician; at any rate, if 
it were, Dr. Callaway must accept the following dilemma, either 
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that some 3000 or 4000 feet of Torridon Sandstone and quartzite 
had completely thinned out in a very short distance (less than three 
miles), or that the newer gneiss, which overlies the limestone, is, as 
the Survey stated, Lower Silurian. 

Dr. Cattaway said that when Dr. Heddle was present he would 
be glad to discuss the question. He did not feel able to express an 
opinion as to the age of the newer gneiss. The section described by 
him at Assynt was identical with that described by Sir R. Mur- 
chison. There might or might not be unconformity about Loch 
Maree ; all he said was that in the more northern districts there was 
none. He was prepared to admit that the Torridon Sandstone had 
thinned out with great rapidity. This was well seen north-east of 
Queenaig, where the sandstone, less than 50 yards thick, passed 
unconformably under the quartzite. 
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12. The PrecaMBRIAN (ARcHzAN) Rocks of Suropsuire. Part II. 
By C. Carraway, Esq., M.A., D.Sc. Lond., F.G.8. Wath Norzs 
on the Microscopic SrructuRE of some of the Rocxs, by Prof. 
T. G. Bonney, M.A., F.R.S., Sec.G.S. (Read December 21, 
1881.) 


In 1879*, I announced to the Society that the volcanic rocks of the 
Wrekin, originally supposed to be “‘greenstone,’ and which had 
recently been described by Mr. 8. Allport fT as bedded lavas and ashes, 
were Precambrian, and I showed that rocks of the same age, asso- 
ciated with gneissic strata of still higher antiquity, formed a chain 
of hills nearly thirty miles in length. In the following year, in a 
paper ¢ “On a second Precambrian group in the Malvern Hills,” I 
sketched the history of the physical changes which the Shropshire 
range, in common with the Malvern chain, had undergone, and I 
correlated the Salopian gneissic and volcanic series respectively with 
the metamorphic axis of Malvern and the felspathic mass east of 
the Herefordshire Beacon. Further attempts at correlation have 
not led to decisive results ; but it is indubitable that there are strong 
lithological analogies between the Wrekin series and the Archean 
rocks south of Bangor, as well as between the Lilleshall group and 
the Charnwood and St.-David’s volcanic series. My present object 
is to describe a second area of Archean rocks lying further to the 
west, and in so doing to present additional evidence of the Precam- 
brian age of the whole group. 


a. General Description of the western Archean Axis of Shropshire. 


The rocks of this area are exposed at intervals along a line which 
runs roughly parallel to the Wrekin and Caer-Caradoc chain, at a 
distance of from 6 to 7 miles, the strip of country which lies between 
being chiefly occupied by the Longmynd group. Looking at the 
Survey Map, it will be seen that down the valley between the Long- 
mynd and the quartzite ridge of the Stiper Stones is drawn the 
boundary between the Longmynd series and the formation which 
Sir R. I. Murchison and the Survey described as Lingula Flags, but 
which by its fossils is proved to be the equivalent of the Shineton 
Shales (Tremadoc). At intervals along this line are put in patches 
of “‘ greenstone,” most of which prove to be Archean rocks of varied 
character ; but occasionally the Archzans appear at spots coloured as 
Cambrian (Longmynd). From this ancient axis the Longmynd 
rocks and the Tremadoc are thrown off in opposite directions. From 
the most northerly exposure of the Archean, near Pontesbury, to 
the southern end of the chain, near Linley Hall, the distance is 
about 11 miles. Usually the old rocks form low hills or ridges 


* Quart. Journ. Geol. Soc. vol. xxxy. p. 643. 
t Ibid. vol. xxxiii. p. 449. { Ibid. vol. xxxvi. p. 536. 
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trending to the south-south-west, which are generally inconspicuous 
owing to the greater height of the parallel ranges of the Longmynd 
and the Stiper Stones on either side; but Pontesford Hill, which is 
partly Archean, projects into the plain surrounding Shrewsbury as 
a prominent outlier from the mountain district of western Shrop- 
shire, corresponding geographically, as it does geologically, to the 
Wrekin in the eastern chain. The position and relations of the 
masses of Archean rock exposed along the axis are shown in the 
accompanying map. Some of the boundaries are necessarily approxi- 
mations. 


Sketch Map of the Western Archean axis of Shropshire. 
(Scale, 4 inch to a mile.) 


~ Archacon Ea 
Rapes _F. Fault 

Microscopic notes on some of the principal rock types are kindly 
furnished by Prof. Bonney, F.R.S. It is very satisfactory to be able 
to state that his conclusions, formed upon slides alone, agree precisely 
with my field-determinations. 

b. Detailed Geology of the Axis. | 
1*. Pontesford Hill_—This elevation is about one mile in length 


* This and the following numbers (1-7) correspond to the numbers in the map. 
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from north to south, and is coloured on the Survey Map as “ green- 
stone.” At the north end, there are good exposures of purple rhy- 
olite, banded and spherulitic (no. 56, p. 124). The resemblance of 
this rock to the Wrekin lavas, and especially to the type at Lea 
Rock, near Wrockwardine, is unmistakable. In the quarry below 
the road, there is apparent bedding with a south-west dip and some 
contortion. Above the road, a highly spherulitic variety is well seen 
in the hill-slope. The spherules are frequently of chalcedony. 
Similar concretions, together with a smaller proportion of agate, are 
found as derived fragments in the Lower Cambrian conglomerates of 


Haughmond Hill, near Shrewsbury. A little higher than the sphe- 


rulitic type, the rhyolite is clearly banded, the flow-lines dipping to 
the south-south-west at 45°. 

The summit of the northern spur of the hill is occupied by com- 
pact dolerite (basalt) (no. 57, p. 124); and similar rock is to be traced 
along the ridge to the top of the mountain. This mass is apparently 
intrusive ; and as it is not found in the neighbouring Cambrian con- 
glomerates, it is probably Postcambrian. Doleritic rocks, some 
highly altered, are also exposed on the western slope of the ridge. 
On this side of the hill I also noticed compact felsite and hornstone 
of ordinary Archean types. 

The structure just described, a plagioclinal ridge broken through 
by intrusive greenstone, agrees with the formation of the Wrekin, 
the Lawley, Caer Caradoc, and other elevations of the eastern axis. 

At Lyd’s Hole, a picturesque ravine, with a cascade, situated 
about half a mile east of the north end of the hill, the purple rhy- 
olites (no. 55, p. 124), banded and highly spherulitic, are finely ex- 
posed in the crags overhanging the stream. The flow-lines dip 
south-easterly at 80°. Just above the fall is a junction of the 
Archeans with purple sandstones and shales of Lower Cambrian age, 
which dip as if in conformable succession. I believe, however, for 
reasons which cannot here be enumerated, that the two groups are 
faulted together, so that the conformity of dip is merely a coincidence. 
Following up the stream to the south-east, we pass over several 
hundred feet of the Cambrian; and west of Ratcliff we come to a 
conglomerate dipping at a high angle to south-south-east. Pebbles 
of quartzite and purple rhyolite predominate; but green slate and 
mica-schist also occur. A little higher in the series, there is a 
second conglomerate, dipping at a lower angle, from 50° to 60°. 
The composition is similar; but the pebbles are larger, some of 
them reaching the size of a child’s head. The purple felsite of 
this conglomerate is very characteristic, and is undoubtedly derived 
from the Archean volcanic group. 

A short distance north of Lyd’s Hole, there occur stream-sections 
of greenish shale containing Trinucleus concentricus, Orthis testudi- 
naria, Diplograptus pristis, and Beyrichia complicata, an assemblage 
characteristic of the Harnage Shales (Lower Caradoc), with which 
these rocks agree also in their lithology. In Murchison’s ‘ Silurian 
System’ it is stated that at this spot intrusive “ greenstone”’ has 
*‘ caught up fragments of shale,” a singular reversal of the true facts. 

kK 2 


122 C. CALLAWAY ON THE PRECAMBRIAN (ARCHAAN) 


There is no intrusive rock near; but pebbles of rhyolite (no. 58, 
p. 124) are contained in the shale.: Some of the rhyolite is banded ; 
and these enclosures are, I believe, derived from the Archean. 

In a field to the north-east of the Caradoc shale is a small ex- 
posure of micaceo-arenaceous flags of a dark grey colour, dipping south 
by a little east, and probably belonging to the Arenig series. 

I have called attention to these detached fragments, occurring on 
the strike of the Tremadoc shales, as indicating the powerful dis- 
locations which have ruptured the rocks along this Archean axis. 

2. Gatten Lodge.—Following the axis in a southerly direction, we 
come, in about three miles, to a small elevation near Gatten Lodge. 
Rock is exposed in a quarry near the road, with an apparent dip 
to the north-east. The prevailing type (no. 59, p. 125) is purplish 
and compact, resembling the flinty hornstone-lke rock so common 
in the Pebidian. In places it is brecciated, the fragments, some of 
which are subangular, being of quartz and the purple hornstone. 

3. Knolls Ridge-—The next Archean mass occupies part of a 
ridge which I have named from a house at its north end, lying a 
mile and a half south-south-west of Gatten Lodge. It is about one 
mile long, striking with the axis. The rocks of which it is composed are 
varied and generally difficult of determination. Some are intrusive. 
At the north end is a greenstone allied to diorite (no. 60, p. 125). 
Felsitic rocks occur further along the ridge. At the south end is a 
purplish hornstone, similar to the Gatten-Lodge type. 

4. Cold Hill_—West-north-west of the farm of Cold Hill, on the 
line of fault continuous with Knolls Ridge, there is a slight exposure 
of purple hornstone and breccia. 

5. Chittol.—In this hill, about a mile from the last locality, is 
found a greenish compact rock, which I believe to be sedimentary. 
It has the splintery fracture characteristic of the hornstone-like rocks 
of the Pebidian, to which it is probably to be referred. 

6. Knolls Wood.—This locality is a mile further to the south- 
south-west. The rock is hard and compact, and on fractured sur- 
faces looks like a quartz-felsite; but where weathered ‘it is seen to 
be clastic, bits of quartz and of a reddish granitoid rock being clearly 
visible. The latter variety is not unlike the (presumed) Dimetian of 
the eastern axis. Some of the fragments display a foliated struc- 
ture. Altered grits similar to this rock occur in the Caer-Caradoc 
chain; and as the strikes in both localities are the same (east and 
west), and if produced would coincide, it is probable that the rocks 
of Knolls Wood occupy about the same horizon as those of Caer 
Caradoc. 

7. Ridge west of Linley Hall.—tThis elevation, one mile from the 
last locality, forms the termination to the south of: the western 
Archean chain of ridges. It is composed mainly of hornstone or 
halleflinta (no. 61, p. 125), purple and green, which does not quite so 
closely resemble the hornstone previously described as it resembles 
certain varieties in the Wrekin, Lilleshall Hill, and the Malverns. 
The Archzan is broken through by dolerite. 

The purple conglomerate east of Pontesford Hill, in its course 
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southward, approaches more and more closely to the Archean axis; 
and at Knolls Ridge and Cold Hill it is almost in contact. This is 
one evidence of the want of conformity previously suggested. The 
conglomerate does not materially vary towards the south, being still 
composed of quartzite and purple felsite, and nowhere containing, 
so far as I have observed, fragments derived from the hornstone. 
This is not what we should expect if, as might at first be inferred, 
the conglomerate were the base of the Cambrian, and formed as a 
shore-deposit along the Archean axis. 

I have stated that the strike of the Archean, wherever observed, 


except at Lyd’s Hole, is east and west or south-east and north- 


west, while the adjoining Cambrians, Upper and Lower, strike 
south-south-west, the great fault and the Archean ridges also trend- 
ing in the same direction. The formation of the fault and the 
upthrust of the Archzeans would therefore seem to be connected 
with the forces which at the close of the Ordovician epoch threw the 
Ordovician and Cambrian deposits into folds, and determined the 
direction of the older mountain ridges of Shropshire. I cannot, how- 
ever, speak positively on this point, since powerful earth-movements 
have taken place in this district along the same lines at different 
epochs. 

“h will have been noted that, as is so frequently the case with 
Archean elevations, the structure of the ridges described is plagio- 
clinal, 


Summary of Results. 


1, On a south-south-west line running between Pontesbury and 
Linley Hall are seven distinct elevations, composed wholly or in 
part of Archzean rocks. 

2. This line corresponds with a great fault, on the east side of 
which Longmynd rocks dip easterly, and on the west Tremadoc 
shales dip westerly. 

3. The prevailing rock-types are purple rhyolites at the north 
end of the chain, purple hornstone (or hialleflinta) in the middle, 
and purple and green hornstone (or hialleflinta), with some indurated 
grits, partly derived from a gneissic series, at the south. 

4, The Precambrian age of these rocks is proved by their close 
lithological affinities with known Salopian types, and by the almost 
universal occurrence of fragments of the purple rhyolites in the 
Longmynd series. The strike, also, is usually more or less trans- 
verse to the strike of the Cambrian deposits. 

5. The rocks of this axis belong exclusively to the younger of the 
two Salopian Archean groups, no traces of granitoid or gneissic 
rocks, except as included fragments, having been detected. 
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APPENDIX. 


Notes upon some Specimens of SHROPSHIRE Rocks. 
By Prof. T. G. Bonney, M.A., F.R.S., Sec. G.S. 


(55) Lyd’s Hole, Pontesbury.—A rhyolite, with well-marked fluidal 
structure, much stained with ferrite and with occasional patches 
of opacite. The rock exhibits a devitrified structure, the crystallites 
in most parts assuming an acicular form, the majority no doubt 
being felspar ; but some, of a pale golden colour, must be a different 
mineral, possibly a mica allied to sericite. There seems in parts a 
tendency to a microspherulitic and even micrographic structure; the 
ferruginous constituents assume many forms, from mere specks to 
little rods and granules. There are two or three larger crystals of 
felspar, containing apparently glass inclusions ; the fiuidal bands are 
crossed transversely by a much more deeply stained zone. The rock 
has a general similarity to those common in the neighbourhood of 
the Wrekin. 

(56) Pontesford Hill, North-End Quarry.—A remarkably beautiful 
specimen. The slide gives a complete section of an elongated cavity 
filled with chalcedony. The enclosing border of rock is a rhyolite ; 
this has a fluidal structure parallel to the longer axis of the concre- 
tion, is deeply stained with ferrite, and exhibits in its crystallites 
indications of radial structure normal to the longer axis ; within this 
is a zone of chalcedony, sometimes containing fragments of the 
rhyolite, the microliths of quartz being grouped in radiating tufts 
like the hairs in a sable-brush, a familiar appearance in agates: in 
places also they form regular spherulites; within this is an enclo- 
sure of minutely crystalline quartz. These hollow spherulitic con- 
cretions, subsequently partially or wholly filled by infiltrated mine- 
rals, are not uncommon in acid lavas; and I have been for some 
time engaged upon the study of a somewhat similar group from 
North Wales. The rock of Lea Hill, in the Wrekin district, is 
very similar in structure to this one from Pontesford Hill. 

(57) Pontesford Hill (summit).—The ground-mass is full of 
elongated microliths of felspar with a slightly parallel grouping, 
generally plagioclase, but possibly in one or two cases orthoclase, 
with dark granules, probably in many cases hematite, and numerous 
grains (generally rather irregular in outline) of augite. One of more 
definite form is a compound crystal about ‘02 inch in diameter. 
There is a small quantity of a chloritic mineral. The rock is a basalt, 
and more resembles that of a flow than of a dyke. 

(58) North of Lyd’s Hole, Block in Caradoc Shale.—The structure of 
this rock is a little abnormal. With ordinary light it exhibits aclear — 
base containing a multitude of dark specks, evidently ferruginous, some 
being brown (probably the hydrous peroxide of iron) others nearly 
black. These are so arranged as to give a spotted aspect to the slide. 
On using crossed Nicols the spots containing the latter prove to be 
devitrified patches of one or more crystals, very imperfectly developed. 
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The browner spots remain dark, but contain many extremely minute 
(felspar ?) microliths. In places the devitrified structure occupies the 
whole of irregular zones in the slide; in others there is a con- 
siderable amount left of the apparently unaltered base. This closely 
resembles a fluidal structure. On the whole, therefore, I consider 
this a fragment of rhyolitic lava, parts of which may still remain in a 
glassy state. 

(59) West of Gatten Lodge.—A sedimentary rock, with the structure 
characteristic of the argillites or whetstones which, occur in parts 
of Charnwood Forest, the rock being made up of innumerable minute 
granules, probably of quartz, and specks of ferrite. Larger fragments 
are also present: some resemble bits of a rather similar rock ; others 
may be only patches where the staining is more pronounced; many 
are quartz, subangular in form; and two or three much resemble bits 
of rhyolite. 

(60) North end of Knolls Ridge.—A rather coarsely crystalline rock, 
consisting to a large extent of a plagioclastic felspar. This is evidently 
decomposed ; and the crystals enclose numerous microliths of epidote 
(of secondary formation); some exhibit a micrographic structure 
with quartz, such as is common in thesyenites of Charnwood Forest. 
Grains of viridite are also enclosed. Larger patches of viridite are 
present, though not numerous, with a little quartz (this has more 
resemblance to an original constituent), some ilmenite and perhaps 
magnetite, and some apatite. Under the circumstances it is difficult 
to decide whether the rock should be called a diorite or a diabase ; 
perhaps the former name is the safer, though it is by no means a 
typical example. 

(61) West of Linley Hall.—tIn parts of this slide a very decided 
fragmental structure is visible. In these older rocks it is necessary 
to be always on one’s guard to’ avoid mistaking the result of brec- 
ciation in situ (due to crushing, especially near faults) for an original 
clastic structure. I think, however, that there is here sufficient 
evidence of the latter. Minute crystals of epidote are not unfrequent, 
especially in the intervals between the apparent fragments. With 
ordinary light the ground-mass is clear and contains numerous 
specks of filmy golden-green mineral, and clotted spots of a dusty- 
grey or brownish mineral: part of the former is epidote; but some 
may be a variety of mica or chlorite, or possibly hornblende. With 
erossed Nicols the ground-mass exhibits a very minute devitrified 
structure. In this respect it has (except that distinct crystals of 
quartz or felspar are absent) a remarkable resemblance to some of 
the rocks from the Sharpley and Bardon districts in Charnwood 
Forest, especially to the more compact felstone-like varieties of the 
the latter*. I am disposed therefore to regard it as, like these, an 
indurated somewhat altered tuff. 


* Quart. Journ. Geol. Soc. vol. xxxiv. p. 209, vol, xxxvi. pp. 341-347. 
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DiscussIon. 


The PresrpEnt said that Dr. Callaway’s views would much alter 
the stratigraphy of the deep valley between the Longmynd and Stiper 
Stones. He had no doubt Tremadoc rocks were in that valley ; 
whether the Stiper Stones were Upper Tremadoc or Arenig, and 
whether contemporaneous with the white grit of North Wales, was 
a dubious question ; he invited discussion. 

Dr. Hicks said he had but slightly examined the district. The 
paper was an important one. There appeared to be evidence of 
Precambrian rocks in contact with admitted Cambrian rocks; so 
that in this region also, as in the Welsh areas, we had a base-line. 
The paper was important also as showing that certain types of rocks 
were characteristic of the Precambrian groups over wide areas. 
Some years since he had expressed the view that the Stiper Stones 
were of Arenig age and about the horizon of the Grit-band of 
Caernarvonshire mentioned by the President. 

Mr. Rourtry said it struck him as possible that these rhyolite 
rocks occurred on the horizon of the Bala limestone. Also Mr. 
Allport had suggested that perlitic rocks, associated with beds 
mapped by the Geological Survey as Caradoc, were Precambrian. 
He thought it worth reconsidering whether these might not be 
really of Bala or Llandeilo age. The fragments might constitute 
old volcanic breccias or tuffs. 

Prof. Bonney said that the rocks of the Wrekin were certainly 
agglomerates, and that fragments of the rhyolite certainly occurred 
in the so-called Wrekin quartzites, which he believed were now ad- 
mitted to underlie Tremadoc rocks. Hence they could not be of 
Bala age. 

Dr. Cattaway said that he proposed on a future occasion to give 
more detailed sections of the country. As for Mr. Rutley’s sug- 
gestion ;—over the quartzite, which contained rhyolite fragments, 
was Hollybush sandstone, and over that, Tremadoc; further, 
rhyolitic fragments occurred in the conglomerate of the Longmynd, 
and even in the finer beds; so he thought the Archean age of the 
rhyolites was proved beyond all question. 


ee 
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13. On a peculiar Brp of AneutaR Drirt on the LowEr-cHaLx high 
- Prain between Urton and Cuttton. By Prof. J. Presrwicu, 
F.R.S., F.G.8., &. (Read February 8, 1882.) 


In making the new line of railway from Didcot to Newbury some 
sections of considerable interest were laid open between the main 
Great Western line and the village of Chilton. For the first three 
miles from Didcot the railway passes over the Upper Greensand, 
the lower part of which here consists of compact beds of greenish 
sandstone, and the upper part of beds of a light-coloured greensand, 
together probably more than 100 feet thick. Beyond these, at 
Upton, the Chalk without flints rises in a range of hills running 
east and west, through which the line is carried, exposing a fine 
section, a mile in length, of drift, Chalk-marl, and Lower Chalk* 
(see section fig. 1). 

The point, however, of more particular interest is the great bed of 
drift indenting the chalk. It sets in one third of a mile south of 
Upton, and extends to a short distance beyond Chilton, a length of 
about 17 mile. It is a drift of a character so abnormal in this dis- 
trict that it deserves a short separate record. ‘The tract it occupies 
forms part of the flat plain which here extends with a width of 
about two miles from the foot of the escarpment of the Upper Chalk 
with flints, near East Isley, to the edge of the lesser escarpment of 
the Lower Chalk without flints at Upton, above referred to (see 
section fig. 2). A small transverse valley here runs through these 
Lower-Chalk hills; but, though a line of drainage, it is without any 
permanent brook or stream, nor was there any distinct appearance 
in the railway-cutting (which at Upton was carried up this small 
valley) of there having been a stream here in former times. 

In the first cutting the Lower Chalk rises bare to the height of 
27 feet. The next cutting, which is from 10 to 20 feet deep, is 
through a white chalk rubble, fine and marly at base, coarser and 
with a few small angular fragments of flints at top. A little way 
beyond, the chalk comes up again through the drift, is again 
replaced by the drift, and again the hard grey chalk rises abruptly 
to the surface in a cutting 35 feet deep. Thus far the drift is very 
fine, more like decomposed Lower Chalk, and no organic remains 
were found in it in this part of the cutting. 

Beyond, the characters begin to change; the drift becomes more 
coloured and somewhat coarser, and occasionally small boulders and 
bones were met with. A great number of bones were found to- 
gether about two thirds down in this rubble drift about midway in 
the Chilton cutting, at the point marked A (see figs. 1 and 3, p. 129). 
A short distance further southward an intercalated darker clay bed 


* Very few fossils had hitherto been obtained from the Lower Chalk of the 
Didcot district ; but in this cutting they were, in places, abundant, especially 
Ammonites varians. Altogether we obtained 35 species from the Lower Chalk, 
and 23 species from the Upper Greensand, for the Oxford Museum. 
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set in (see fig. 4, p. 130), and divide the mass into a lower light- 
yellow coarser angular drift, and an upper whiter and finer drift, 
but both alike in composition, and both consisting of irregular 
roughly stratified beds. The works had extended to this point when 
the discovery of elephant-remains was reported to me. 


Fig. 3.—Section in Cutting at A, in fig. 1, enlarged. 


B=} 

‘e 

A 

8 

4 : 

E : Position of the 
— Mammalian 

remains. 

Ea 

cs 

= 

S 

I 

o 

z 

fo} 

4 


I took an early opportunity of visiting the spot ; but the cutting 
had then gone beyond the place where the bones were found, and 
the sides were sloped over. The bones proved to be those of mam- 
moth, rhinoceros, horse, ow, and deer. ‘They were mostly in a broken 
and fragmentary state. But, though broken, they are not rolled 
or waterworn. ‘The state of preservation of some of the bones 
is very remarkable; they have lost so little of their animal matter 
that the bone hardly adheres at all to the tongue, and looks almost 
as fresh as a recent bone. Dissolved in dilute hydrochloric acid, 
they leave a mass of flocculent gelatinous matter. This is more 
especially the case with some of the Bison bones, one of which 
comes from near the base of the cutting at point B (fig. 1)*. The 
specimens now in the Oxford Museum consist of— 


Elephas primigenius .......ss0c0e0 Some fragments of large bones. 
EMMAGC OOS dif secscetvanstevsd acai Distal end of femur and other 
‘ bones, all broken. 

ELIS eh REC BEBE + REE EEE EE Teeth and fragments of bones. 

ESESOMNPTISCUS 0 fi ecuneicsienworeseeessis Right metatarsal, distal end of 
metacarpal, left humerus, and 
right tibia. 

CErvUs CATAMAUS .......0c0sereenenees Tooth and fragments of antler. 


But a larger number have been found, including portions of two 
lower jaws and of tusks of Mammoth, teeth of Horse, end of humerus 
and 4 teeth of Rhinoceros tichorhinus, fragment of horn of Red Deer, 


* A recent analysis of this specimen on the chemical side of the Museum 
shows this bone to contain 17°35 per cent. of organic matter. Recent bones of 
Ox contain about 30 per cent. Mr. Fisher also informs me that the bone con- 
tained a notable“proportion of manganese. 
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4 teeth of Bison, and some undeterminable fragments: There are 
no traces of gnawing on any of the bones. 

When I first visited the cutting the drift-exposure was at its 
deepest, extending to the base of the cutting, a depth of 28 feet, 
and just reaching the chalk beneath. The section it here presented 
is as under (fig. 4). 


Fig. 4.—Section in Cutting near the village of Chilton, at B, fig. 1, 
enlarged. 
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Chalk 
feet. 

1. Surface soil (reddish loam with a few flints) ...........ceseseeees $tol. 
a. Cream-coloured fine chalk- and flint-rubble, showing a deeply 

feshooned OL WaVeO. SUTTACO ost c.n<cessinwesiaesenenation cueeeaeee 6 to 10. 
6. Soft white marl (reconstructed chalk) with shells ............... 4 to 6. 
ce. Very light yellow chalk- and flint-rubble (with an occasional 

alae eben). aes as «ecw otic. aaeabectestme eens tna inane: tenes 2 to 5. 
d. Dark brown clay (almost black in places), forming a line of 

eeperauon between the lighter beds above and the darker 

yellow and brownish beds beneath; two specimens of Pupa 

PUD GUN QED |e erie saivnissontsanebe ans dagoe a enon vaakslde comeeeetcs ceaam 2 to 4. 
e. Light-yellow flint- and chalk-rubble, fine; one Pupa ......... 3 to 6. 
f. Coarser flint- and chalk-rubble; bone of Bison ..........ee.e000 5 to 10. 


In the lower half of the drift there were found irregularly dis- 
persed in various parts of the cutting a few blocks of very hard and 
compact Sarsen stone (Lower Tertiary Sandstone). Two of the 
largest measured 2 ft. x 10in. xX 9in. and 1 ft.9in. x 1 ft. 6in. 
x 10in. The angles were rounded; but otherwise they were not 
much worn. 

In the beds ¢ and f were some grains of glauconite, derived pro- 
bably from Lower Tertiary sands; and the clay of bed d may be 
derived from some of the Tertiary clays. The black band in ¢ is 
caused by the admixture of a sooty manganese peroxide. 

The fragments of chalk mostly vary from the size of a pea to that 
of a bean. Some, which consist of soft chalk, are worn and rounded ; 
but others, which consist of a very hard chalk, are flat and sub- 
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angular. ‘There is also a bed of chalk-rubble, in which are angular © 
fragments of soft chalk. 

All the fragments of flint, on the other hand, even the smallest (and 
there are few more than 2 or 3 inches in length), are perfectly sharp 
and angular, and are generally not discoloured. Some, however, 
are slightly whitened. The chalk débris predominates at the north 
end of the cutting, and the flint débris at the south end. 

Few bones were found, except at the first place. They did not 
seem confined to one bed, though most of them were found in the 
lower part of the deposit. 

There is no trace in any part of this section of stream- or river- 
action. With few exceptions, where the rubble forms a soft con- 
crete, the whole mass is loose and incoherent like so much shingle. 
This condition continues to the very base of the section without 
difference, except that the rubble is there rather coarser and more 
coloured. Few of the beds were continuous for the whole distance. 
They generally formed lenticular masses of greater or less extent. 
It was in an intercalated mass of white marl, or chalk paste, at the 
south end of the Chilton cutting, and at a depth of from 8 to 12 feet 
from the surface, that almost all the shells were obtained ; but even 
there they were far from abundant. They consist essentially of land 
shells; the two exceptions are so rare that they only prove the 
rule; for Planorbis albus, which lives on water-plants and fre- 
quents marshes, can pass over land surfaces, while the Limnea 
truncatula “is nearly amphibious, being more frequently met with 
out of the water than in it; itis also found in very elevated spots”*. 
Dr. Gwyn Jeffreys, who has kindly examined the collection, tells me 
that the species present no peculiar variations. 

The following are the species found in bed 6. In order to show 
their relative abundance, I have given the total number obtained 
during some days’ search :— 


No. of No. of 
specimens. specimens. 
Pupa marginata, Drap............. 226 | Succinea oblonga, Drap. ......... 1 
Helix hispida, Lanny vicse2.0.deos. 53 | Limnea truncatula, Mill. :..... 3 
Limax agrestis, Linn..............0 1 | Planorbis albus, Mil. (young)... 1 


I met with no fragments of wood, except one derived probably 
from Tertiary strata. 

A short distance further the chalk rose rather abruptly to the 
surface ; but the drift reappeared a quarter of a mile further on, 
occupying a small shallow hollow, in which it presented no new 
features, and where no organic remains were met with. As a 
whole, the drift becomes coarser and more flinty as it trends to this 
end. 

The level of the base of this drift at its northern extremity is 
290 feet, and of its top at its southern end 407 feet above the sea= 
level,—the level of the Thames at its nearest point (Moulsford) 
being about 140 feet, and that of the Gault plain below Didcot 
about 160 feet above the sea-level. 


* Jeffreys, ‘ British Oonchology,’ vol. i. p. 83. 
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The peculiar features of this Drift are the absence of worn débris 
indicating prolonged water-action, and of either marine or fluviatile 
remains ; the presence, it may be said, exclusively of the remains 
of a land-fauna; its high position of 150 to 260 feet above the ad- 
jacent river-level; the irregularity of its bedding; and its wide 
spread, westward towards Hendred, over the adjacent plain. Sec- 
tions of it are to be seen in places near a pond and in a shallow 
excavation two miles distant from the cutting; but there are no 
deep sections. 

The only analogous beds to which I can refer this Drift are the 
heads of angular rubble overlying the Raised Beaches of Sangatte 
and Brighton. In all three we find similar mammalian remains, the 
same irregularity of bedding, and the same absence of wear in the 
component materials; and at Sangatte I found the same land- 
shells. The only difference is that the Sangatte and Brighton 
drifts are more flinty and coarser; but that is a feature merely 
dependent on the circumstance that at both these places the adja- 
cent chalk is the Chalk-with-flints, whereas at Chilton it is the 
Lower Chalk. 

It is a Drift not following any river-course ; nor is it a marine 
Drift, nor a glacial Drift from the northward; but the constituent 
parts are either all local, or else derived from strata immediately 
southward—that is to say, from the Upper Chalk-with-flints, and 
from the Lower Tertiary strata which cap the Chalk hills between 
Isley andNewbury. For besides the glauconite grains which, though 
probably from the Lower Tertiaries, may be also from the Upper 
Greensand, we have the more certain Tertiary sandstone blocks 
(Sarsen stones); while from the Upper Chalk we not only have the 
flints from the Chalk hills of East Ilsley, but abundant harder frag- 
ments of the limestone-chalk derived from the thin bed (two to 
five feet) of chalk-rock lying between the Lower and the Upper 
Chalk, and which crops out on the slope of the great chalk escarp- 
ment one mile to the south of the Chilton cutting. 

This Drift is therefore analogous to the great Land-wash or 
diluvial deposit which I have described as overlying the Raised 
Beaches on our southern coast and on the opposite coast of France ; 
only here it is inland, and is the only inland case of a Drift so 
closely resembling the drifts of Brighton and Sangatte that 1 have 
met with in the South of England*. 

It appears to fill hollows on this elevated chalk plain in a 
manner rather difficult to account for. The hollows may have been 
the deep dry combes so common amongst chalk hills, of which the 
drift has filled up the irregularities and spread also over portions of 
the adjacent surface. Further, I think it is to thesame action that 
we must ascribe the trail of Sarsen stones which are scattered lower 
down over the valley of soft Upper Greensand. Although so many 


* There are, however, others, though differently constituted, which I men- 
tioned in a paper read at the last meeting of the British Association at Swansea, 
but as yet only published in abstract. 
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of these blocks have been broken up and removed, they are still 
numerous in and around the villages of Upton, Kast and West 


_ Hagbourne, and in other valleys below the line of the chalk escarp- 


ment. 

There was an entire absence of the oolitic débris and of the 
quartzite pebbles which formed so large a proportion of the old 
valley- or river-gravels. 

To show the relation which this angular drift bears to the sub- 
angular river-valley gravels, I have given a general section of the 
country from Culham Station to the summit of the upper chalk 
escarpment near Kast Isley (fig. 2). The independence of the 
two drifts will be apparent from this section. In the Thames valley, 
and at levels of from 10 to 20 feet above the river, a large number of 
mammalian remains have been found, including specimens of Ele- 
phas primigenus, EH. antiquus, Hippopotamus major, Rhinoceros 
tachorhinus, Equus fossilis, Bos primigenius, Cervus elaphus, and 
C. capreolus, together with species of freshwater shells of the genera 
Prsidium, Valvata, Ancylus, &c., and, lastly, Cyrena fluminalis, in 
the old river-gravel. 

In the section fig. 1, point a! represents a deposit of ‘ rain-wash ” 
filling a depression some 200 feet in length by 10 feet deep in the 
centre. It is roughly stratified, consists of a brown clay with 
carbonaceous bands, and abounds with well-preserved specimens 
of Cyclostoma elegans and Helix nemoralis. 

In conclusion, I have to express my obligation to the resident 
engineer, Thomas Scott, Esq., for the levels and a tracing of the 
cutting. 


Discussron. 


The PresmpENtT remarked upon the value of this paper as calling 
attention to a very peculiar form of drift, and inquired if beneath 
the datum-lines of the railway there were indications of a further 
extension of this peculiar drift. The occurrence of mammalian 
bones in so dry a situation was peculiar. 

Prof. Hucuus said that he had received a few specimens, chiefly 
of antiquities, from this district, from the Rector of Upton. It 
appeared to him that there was a kind of rainwash, or subaerial 
débris, washed into a hollow at the time when the Mammoth lived, 
and a small pond had at one time been formed in the hollow. One 
point of interest was the relation of this deposit to the more northern 
glacial deposits; it was remarkable that there were no fragments 
whatever, such as were commonly found in the postglacial drifts 
further north. Did this belong to the period of extreme cold, or of 
heavy flushes of rain-water at a later time? 

Mr. TrppEman suggested that some other sections of a similar 
character existed, as on the east flank of the Malvern hills, where 
was an angular unworn deposit formed of the débris of the hill, and 
lying at a very low gradient. This, as he was informed by the Rev. 
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W.S. Symonds, overlay at Malvern remains of E/. antiquus, Rh. lepto- 
rhinus, &c. As these remains lay under glacial drift at Settle and 
Raygill, in West Yorkshire, and there was much evidence that the 
Mammoth fauna survived to a later period than 1. antiquus and its 
companions, he thought that the facts pointed to the probability of 
the beds containing Mammoth,and Reindeer, described by Prof. 
Prestwich, having been formed during a time of heavy and frequent 
snows, whilst the north-west of England was undergoing glaciation. 

Prof. Prestwich in reply described the general section of the 
neighbourhood; in the lower ground were drifts which contained 
foreign pebbles, but not so in this upper drift. Whatever was in it 
had come from the hills above it. He did not think it was rain- 
wash; it was too coarse and on too gentle a slope for that; a true 
rain-wash did occur here of quite a different character. 
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14. Description of some IevANODON-REMAINS indicating a new Species, 
I. Szztyr. By J. W. Hurxz, Hsq., F.R.S., Pres.G.S. (Read 
February 8, 1882.) 


[Prats IV.] 


ALTHOUGH a very large number of Jguanodon-remains are now to 
be found in the public and private collections in this country, they 
consist, for the most part, of dissociated bones. Discoveries of several 
bones of this Dinosaur under such circumstances as warrant the 
belief that they formed part of one skeleton have been extremely 
rare, on which account our knowledge of the proportions of the 
several parts of the skeleton has remained very incomplete. 

The announcement of the discovery of a very large series of Igua- 
nodon fossils at Bernissart in 1878 raised the expectation that before 
long a complete osteology of Jquanodon would issue under the 
auspices of the Belgian government. An examination of some of 
these remarkable fossils, which the obliging director of the Musée 
d’ Histoire Naturelle at Brussels alowed me to make in Aug. 1879, 
showed me that their importance had not been exaggerated, and it 
led me to defer the completion of this communication, which I had 
begun some time before. Having, however, recently been told by 
M. Boulenger, to whom their description is -intrusted, that no 
exhaustive memoir on them is to be expected for several years, I 
no longer hesitate to present to the Society an account of some 
fossils obtained by myself in the Isle of Wight in 1870, which 
afford, in particular, very considerable information respecting the 
form and proportions of the several members of the hind limb. 

These remains comprise the nearly complete right hind limb and 
the right humerus, the left haunch-bone, and the left foot, three 
caudal vertebre, and several chevrons. 

All these fossils, with the exception of the humerus and vertebree 
(which occurred at the distance of a few feet east of the others in 
the same bed), were lying in a small area of a few square yards, in 
a bed of hard nodules intercalated between the red and purple clays 
below and the iron-stained flint-gravel which caps the cliff west of 
Brook Chine. This nodule-bed has an apparent westerly dip; it 
soon crosses the shore, where it is usually hidden by sand and sea- 
weed; and it then passes out seawards under the well known Pine 
Raft. A few yards east of where this nodule-bed touches the cliff- 
foot, the cliff is cut through by a small gully worn by a little rill. 
In the east bank of this gully were the fossils. 

The coxswain of the lifeboat told me that, about ten years before, 
he saw a gentleman take out of the same spot nearly a cart-load of 
bones. I have not been able to ascertain the name of this fortunate 
discoverer, or the present locality of these fossils. 

Ilium (P1.1V.fig. 1).—The present length of this large and massive 
bone is 118 centim. (47 in.)*; but as a small piece is broken off at 
each end, its length when perfect was probably not less than 124 


* The reduction to English measure throughout is only approximate. 


Q. J.G.S. No. 150. L 
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Fig. 1.— Restoration of the Left Hind Limb of Iguanodon Seelyi. 
(About 51, nat. size.) 


centim. (about 4 feet). Its greatest depth, from the dorsal to the 
ventral border behind the acetabulum through the ischial process, is 
33 centim (13 in.). The dorsal border viewed from above is sinu- 
ous; it bends outwards above the ischial process, and again in the 
preacetabular process. In a side view it is seen to rise slightly from 
the last-named process to above the ischial process, its highest 
point, whence it slopes uniformly downwards to the posterior end of 
the bone. The ventral border behind the acetabulum is straight; it 
is longitudinally grooved. The preacetabular process (pa) is rela- 
tively short, its length being less than that of the postacetabular part 
of the bone; it contracts rapidly from its stout base, and for more 
than half its length it is much flattened. Its cross-section at 10 
centim. (4 in.) from its free end is an oval figure the diameters of 
which are 32 centim. (11 in.) and 11 centim. (44 in.). The chord 
of the acetabular arc is 23 centim. (9 in.). The pubic process 
(p) is angular ; it juts downwards and forwards. The ischial pro- 
cess (7) is a stout low swelling. The outer surface of the ilium is 
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relatively even. Theinner surface is stamped with a chain of im- 
pressions overhung by a projecting ledge, marking the attachment 
of the sacrum. 

The elongated figure of the ilium places the animal represented by 
it beyond doubt in the family Iguanodontide. In the comparative 
shortness and stoutness of the preacetabular process and the more 
tapering form of the postacetabular front of the bone, this ilium 
certainly differs from that of J. Mantelli, regarding as the type of 
this latter the ilia preserved in the large slab from Bensted quarry 
in the British Museum, which originally formed part of the collec- 
tion of the late Dr. G. A. Mantell. 

Femur (P1. IV. fig. 2).—The proximal end of this gigantic bone is 
crushed ; but the distal end is fairly preserved. The present length of 
the femur is 92 centim. (3 feet); when entire the length was probably 
not less than 108 centim. (423 in.). The distal end has the usual 
condylar division; the condyles project strongly backwards. The 
anterior intercondylar groove (2c) is characteristically deep and 
narrow. ‘The shaft has an apparent twist, owing to a change in the 
direction of its surface; that which at the proximal end is external 
becomes towards the distal end anterior or dorsal. The inner tro- 
chanter (t¢)is strongly marked. The girth of the femur at the distal 
condylar end is 82 centim. (323 in.), and the breadth across the con- 
dyles is 32 centim. (122in.). The girth of the shaft just above the 
condyles is 69 centim. (27 in.), and that immediately above the 
inner trochanter is 64 centim. (254 in.). Towards the proximal 
end the girth again increases. These measurements will furnish 
an idea of the size and proportions of this thigh-bone, which is one 
of the very largest I have yet seen. 

Tibia (P1. IV. fig. 3).—I found this lying athwart the thigh-bone. 
Both its ends are much crushed and mutilated. The precnemial crest 
was very large ; it was so shattered that in spite of great care it fell 
to pieces as we lifted the bone out of the cliff, and it could not be 
restored. The shaft has the usual subprismatic figure in its central 
part, and it expands towards its articular extremities. The breadth 
of the lower end, approximately inferred from that of the composite 
articular surface formed by the proximal end of the metatarsal bones, 
will not have been less than 35 centim. (nearly 14 in.); the proxi- 
mal end still shows, obscurely, a subdivision into two parts corre- 
sponding to the femoral condyles. The length of the tibia in the 
present mutilated state is 92 centim. (36 in.); 102 centim. (40 in.), 
somewhat less than that of the femur, will not, I think, be an 
unfair estimate of its length when perfect. The girth at the middle 
of the shaft is 45 centim. (17,4 in.). 

Fibula (P1. IV. fig. 4).—This bone, nearly as long as the tibia when 
perfect, has been shortened to 85 centim. (322 in.) by mutilation of 
its distal end. The proximal end is broad and flattened ; the tibial 
aspect is slightly hollowed. The shaft is relatively slender; its 
figure is subprismatic. (The os calcis and astragalus were not re- 
covered. ) 

Foot (Pl. IV. fig. 5).—The bones of the left metatarsus, cemented 
together by rock, preserve their natural relations but slightly disor- 

: L2 
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dered. Those of the right metatarsus had fallen apart, but were 
lying by one another. Both metatarsi demonstrate conclusively that 
the hind foot in Jguanodon has three, and only three, functional 
toes, the number actually present in the hind foot of an immature 
Iguanodon in Mr. 8. H. Beckles’s collection, several years since de- 
scribed and figured by Prof. Owen, in his ‘ Fossil Reptilia of the 
Wealden Formations.’ 

Of the three metatarsals the inner is shortest, being 26centim. (103 
in.) long. Its proximal end is much extended in the dorso-plantar 
direction, this diameter measuring 21°3 centim. (82 in.), whilst the 
transverse or horizontal diameter is but 10-2 centim. (4in.). The 
distal end, condylarly divided, is asymmetrical, the outer condyle 
being narrower and slightly deeper than the inner, than which it also 
diverges more from the axis of the bone. The intercondylar groove 
scarcely rises above the middle of the articular surface. The inner 
surface of the metatarsal (that which looks towards the middle 
metatarsal bone) is flattened; and its junction with the dorsal or 
upper surface in the distal half of the bone projects in the form of 
a thin overhanging lip, by which it may be distinguished from the 
outer metatarsal. This process is not peculiar to Jguanodon ; for 
it is distinctly represented in a metatarsal of Potkiiopleuron Buck- 
landi, figured by E. Deslongchamps, pére, also in Prof. Cope’s figures 
of a metatarsal of Hadrosaurus Foulki, and it is present in the inner- 
most metatarsal of Hypsilophodon Foxi. 

The middle metatarsal bone is 35°5 centim. (14 in.) long. The 
shape and proportions of its proximal end, now distorted, do not 
appear to have differed much from those of the inner metatarsal. 
The dorsal border of this end is produced upwards in the form of a 
lip adapted to the pulley-groove of the conjoined astragalo-calca- 
neum. The distal condyles are nearly symmetrical. The inter- 
condylar groove rises higher than in the other metatarsals. The 
breadth across the condyles is 14 centim. (54 in.); that of the middle 
of the shaft is 10-5 centim. (43 in.),the vertical diameter at this part 
being 6:4 centim. (23 in.). 

The outer metatarsal is 29 centim. (112 in.) long; its length is 
therefore intermediate between those of the other two metatarsals. 
The proximal end is concave vertically and slightly so horizontally, 
its figure being the counterpart of the corresponding articular surface 
of the caleaneum. The distal condyles are asymmetrical ; the outer, 
that furthest from the middle line of the foot, is narrower, deeper, 
and more divergent from the axis of the bone than is the inner 
condyle. The breadth across the condyles is 12°6 centim. (5 in.); 
and that of the proximal end is 15 centim. (5,8, in.). 

It has been already stated that neither of “these metatarsi lends 
any support to the idea that the hind foot in Jguanodon had more 
than three functional toes. A fragment cemented by rock to the basal 
end of the inner metatarsal in the left metatarsus perhaps represents 
the rudiment of a fourth metatarsal preserved in Mr. Beckles’s fossil, 
to which reference was lately made. The alternative of its being a 
piece of a chevron is suggested by the agglutination of two chevrons 
to the plantar surface of the metatarsus. 

Phalanges.— With the exception of one proximal phalanx referable 
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to the right foot, which was found lying apart from the others, all 
the phalanges were found in three groups, each representing a toe of 
the left foot. Reconstructed on the type of the hind foot in Hypsi- 
lophodon Fox, the outer toe has five, the middle four, and the inner 
toe three phalanges, the number assigned by Prof. Owen to these 
toes in his restoration of Mr. Beckles’s specimen; these toes are 
therefore homologous with the three outer functional toes in Hypsi- 
lophodon, and with the 2nd, 3rd, and 4th toes of extant lizards. 

Taking, for convenience of description, the toes in order from the 
inner to the outer side of the foot, the proximal phalanx of the inner 
toe is stout, and nearly as long as the corresponding phalanx of the 
middle toe, than which, however, it is more slender and constricted 
at the middle. The proximal end, now nearly flat, was doubtless, in 
the fresh state, adapted by a cartilaginous lip for the reception of 
the metatarsal condyles. The contour of this end is rudely trigonal, 
the apex directed outwards, the base towards the middle toe. The 
distal end of this as of all the other phalanges is condylarly divided. 
On the outer border of the phalanx, nearer to the proximal than to 
the distal end, is a swelling suggestive of the attachment of a strong 
tendon. ‘The length of this phalanx between its extreme points is 
15 centim. (5,9, in.); the girth of the proximal end is 38 centim. 
(15 in.), that of the distal end 36 centim. (141 in.), and that of the 
middle of the phalanx is 37 centim. (143 in.). The horizontal 
diameter of the proximal end is 12°6 centim. (5 in.), and the 
vertical diameter 10°8 centim. (4} in.). The breadth across the 
condyles is 11-5 centim. (44 in.). The second phalanx of this toe, 
measured along its dorsal surface, is 6 centim. (2 in.) long, less 
than half the length of the first phalanx ; this surface is produced 
backwards in the form of a lip adapted to the intercondylar groove of 
the distal end of the first phalanx. The outline of the proximal end 
is triangular ; the articular surface is concave in the vertical direc- 
tion, and sinuous in the horizontal. The distal end is pulley-shaped ; 
its articular surface is prolonged backwards along the plantar aspect 
of the bone, so as nearly to meet the proximal articular surface. 
The horizontal diameter of this phalanx is 9°5 centim. (3? in.), and 
the vertical diameter 7°2 centim. (24 in.). The third or ungual 
phalanx is only inferior in size to that of the middle toe. It is 
broad, blunt, and curved slightly downwards—a form adapted to 
grubbing. Its extreme length is 17 centim. (6; in.). At about 
4 centim. (12 in.) from the proximal end its lateral borders pro- 
ject in a lip-like form, within which is a conspicuous submarginal 
nail-groove. The dorsal surface of the phalanx is convex longitu- 
dinally and transversely; the plantar surface is concave longitu- 
dinally, and slightly convex transversely. The vertical and 
horizontal diameters of the proximal end are each 7 centim. 
(22 in.). The transverse, horizontal diameter at the base of the 
nail-groove is 10-1 centim. (4 in.), from which part the breadth 
contracts to 6°3 centim. (23 in.) at the distance of 2 centim. (4 in.) 
from the distal end. 

The middle, or second toe, had four phalanges, of which the second 
or antepenultimate was unfortunately not recovered. Unrecognized 
at the moment by the labourers who worked undermy guidance, it was 
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probably thrown down the cliff with the rubbish; and later, when 
missed, it could not be found. The proximal phalanx is remarkably 
stout. . Its extreme length is 18 centim. (5;, in.). The horizontal 
diameter of its proximal end is 14:1 centim. (53 in.), and the 
vertical diameter 10-1 centim. (4 in.). The breadth across the 
condyles is 12°6 centim. (5 in.), and the vertical diameter at the 
intercondylar groove 7:5 centim. (3 in.). The vertical diameter at 
the middle of the phalanx is 7-3 centim. (2,8, in.), the horizontal — 
diameter 10°5 centim. (43 in.), From these dimensions it will be 
seen that the figure of this phalanx is short, stout, somewhat 
flattened, and slightly contracted at the middle. The third phalanx 
is very short, only 4:2 centim. (12 in.) long, measured along the 
upper surface. Its shape is rudely triangular. The vertical dia- 
meter of the proximal articular surface is 8:3 centim. (3 in.), 
the horizontal 12-3 centim. (44 in.). This surface is concave ver- 
tically and sinuous transversely. The dorsal surface in this as in all 
the other short phalanges is prolonged backwards in a lip-lke form, 
adapted to the pulley-like articular surface of the phalanx behind it; 
and the distal articular surface, which has the form of a wide 
shallow pulley, is, as in the other short phalanges, prolonged on the 
plantar aspect nearly to the proximal surface of the bone. The ter- 
minal or ungual phalanx of this toe may be distinguished from 
that of the other toes by its symmetry. Its extreme length is 
17-6 centim. (6;% in.). The horizontal diameter of the proximal 
end is 9 centim. rer in.), and the vertical diameter about 7 centim. 
(22 in.). The articular surface is sinuous horizontally and concave 
vertically. The transverse or horizontal diameter at the base of 
the nail-groove is 11-2 centim. (42 in.), and at the distance of 2 
centim. (2 in.) from its distal end 6 centim. (21 in.). | 

The third or outer toe has five phalanges. The proximal of these 
resembles that of the middle toe more than that of the outer toe; 
but it is shorter and, relatively to its length, it is stouter than the 
former. The horizontal diameter of its proximal end is 12:2 
centim. (44 in.), the vertical is 10 centim. (3;%,in.). The same 
diameters of the distal end are 10-2 centim. (44 in.), and 7°6 
centim. (8 in.). The breadth of this phalanx at its middle is 8°6 
centim. (32 in.). The lateral mesial surface is flattened. The 
three succeeding phalanges resemble one another so closely as not to 
require separate descriptions. They resemble those phalanges which 
in the other toes are intermediate between the proximal and the 
ungual, and differ from these chiefly in their proportions, as may be 
seen by the following measurements :— 


2nd phal. 3rd phal. 4th. phal. 
centim. centim. centim. 
- Length along dorsal 
URC Gees a 4 (12in.) 35(12in.) 2:3 (%in.) 
Horizontal transverse 
diameter 2.52.) : 9-7 (84 in.) 9:3 (8% in.) 8-4 (Bt in.) 
Vertical. transverse 
diameter’ #599 202. 8-4 (3Lin.) 61(22in.) 62 (211 in.) 


All the three phalanges are therefore very short relatively to their 
horizontal diameter or breadth, In all, the dorsal surface sends 


J. W. HULKE ON SOME IGUANODON-REMAINS. 141 


backwards a lip adapted to the intercondylar groove of the phalanx 
next behind; and the under surface is reduced to a minimum by the 
plantar prolongation backwards of the distal articular surface. The 
ungual phalanx of this toe is smaller than that of the other toes, 
Its figure is less symmetrical than that of the middle toe. An out- 
ward inclination serves to distinguish it from the claw-bone of the 
inner toe, than which it is also less blunt. Its present length is 
14 centim. (53 in.); but when perfect it was probably not less 
than 15:5 centim. (6 in.) long. The vertical diameter of its proxi- 
imal end is 6:1 centim. (22 in.), and the horizontal diameter 5°7 
centim. (27 in.). The breadth of the phalanx at the base of the 
claw-groove is 8°3 centim. (37 in.), and at 2 centim. (2 in.) from the 
distal end it is 4:2 centim. (12 in.). 

Vertebre (fig. 2).—The three caudal vertebree were found cemen- 
ted together by rock, which has preserved their natural sequence. A 
slight lateral dislocation has permitted me to lay bare their articular 
surfaces. The centra are short; measured along the neural surface 
their length is only 11:4 centim., 11 centim., and 10°6 centim. (44, 
41, and 44 in.). The vertical dimension, or height, measured from 
the neural surface to the under surface between the chevron-facets, 
is 18°6 centim., 18:4 centim., and 17 centim. (74, 74, and 7-4, in.). 
The horizontal diameter below the root of the transverse process 
is 13-2 centim., 13-4 centim., and 12°3 centim. (54, 53, and 44 in.). 


Fig, 2.—Oblique anterior View of an early Caudal Vertebra of 
Iguanodon Seelyi. (About + nat. size.) 


A gentle expansion of the centrum towards its articular ends 
imparts to the lateral surfaces a slight concavity in the antero- 
posterior direction. These surfaces are nearly plane in the vertical 
direction ; and below they converge slightly. The under surface is 
much reduced by the encroachment of the chevron-facets, of which 
the posterior is much the larger. The great size of these facets 
diminishes the lateral surfaces in the lower third of their extent ; 
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and it also obliquely cuts off the lower part of the terminal articular 
surfaces, which gives to these a very square contour. The articular 
surfaces are both concave, the anterior very slightly so, the posterior 
very decidedly. In the latter surface (in the third centrum of the 
series) the bottom of the concavity lies 1:6 centim. (2 in.) in front 
of a plane laid through the circumference. The horizontal diameter 
of this surface, below the level of the transverse process, is 13°7 cen- 
tim. (52 in.), which is reduced to 12°7 centim. (5 in.) at its lowest 
limit, where it is cut off by the chevron-facet. The vertical dia- 
meter of the surface is equal to the side of the square, 11-7 centim. 
(42 in.). 

The neural canal was very small: the transverse measurement 
of its floor is under 3 centim. (1+ in.); and its height is less. The 
neurapophyses are stout; their attachment to the centrum is nearly 
coequal with the antero-posterior extent of this latter. The neural 
spines, strong flattened blades, having an antero-posterior expansion 
of 7°5 centim. (3 in.), rake backwards, and form with a plane 
through the neural surface of the centrum an angle of about 125°. 
Their length was plainly considerable: that of the best-preserved 
one is 19 centim. (74 in.); and it has evidently been broken at some 
distance from its true end. 

A long and stout transverse process stands off from the junction 
of the lateral and upper surfaces of the centrum. It is a hori- 
zontally flattened blade with a slight backward curve. Its average 
width is 6 centim. (2} in.). The vertical diameter of the process 
near its root is 3 centim. (1+ in.), which is reduced to 1:4 centim. 
at the distance of 15 centim. (5,9, in.). Its length when entire 
was probably not much more. 

Relatively to the great bulk of the vertebre the zygapophyses 
are small; the front pair project forwards and slightly outwards 
directly above the crown of the arch; their articular surfaces look 
inwards and slightly forwards. The postzygapophyses have an oval 
articular surface 4 centim. by 3 centim. (12 by 1} in.). 

Dislocated, but cemented to the centrum by Ae are parts of three 
chevron bones. In two of these, the basal end which articulated 
with the vertebral centrum is well preserved. It consists of two 
erescentic parts, of which the anterior is the larger, meeting angularly. 
A depression in the anterior division received a corresponding 
swelling in the posterior facet of the vertebral centrum when the 
chevrons were articulated. The forked portion of the chevrons is 
125 centim. (4,% in.) long. The undivided blade, when entire, 
certainly much exceeded this ; and I think it not improbable that the 
length of an entire chevron attained 45 centim. (172 in.). Other 
detached chevron bones have nearly the above dimensions. 

In their transverse processes and chevrons we have the clue to the 
place of these vertebre in the tail. 

Other remains referable to I. Mantelli obtained by me in the same 
locality afford evidence that the foremost chevron bone is intercalated 
between the second and third caudal vertebre, and that the second 
centrum has but one chevron-facet, from which it is apparent that the 
three vertebree just described occurred later in the series. In J. 
Manitelli, as in Hypsilophodon Foait, the transverse processes of the 


J. W. HULKE ON SOME IGUANODON-REMAINS, 143 


first three caudal vertebre are dwarfed ; and they disappear at about 
the tenth centrum reckoned from the sacrum. The length of their 
transverse processes leads me therefore to place the three vertebra 
between the fourth and ninth in the postsacral chain. Their strong 
resemblance to the vertebre referred by Dr. G. A. Mantell and 
Prof. R. Owen to Pelorosaurus is very suggestive of the identity of 
this with my Brook Iguanodon. 

Humerus (P1. TV. fig. 6).—With the exception of the distal end, 
which has been crushed off, this bone is excellently preserved. Its 
present length is 67 centim. (262 in.); 10 centim. would not be an 
excessive allowance for the missing part, which would make the 
original length 77 centim. (30 in.); but it should be understood that 
this is only an approximation. 

The proximal half of the boneis compressed. The ventral surface 
of this part is hollow transversely ; and the dorsal surface is convex 
in the same direction. The proximal end is convex; the articular 
surface (pa) is at the summit of the curve. From itis produced 
upon the dorsal surface of the bone, to a distance of 15 centim. 
(5,3, in.), a stout, rough ridge, bounded on each side by a wide 
shallow groove. The posterior border of the bone is concave ; and at 
its junction with the proximal end is an angular backward pro- 
jecting process (pp), as in the humerus of J. Prestwichii. 

A strong rough crest gives a convex contour to the anterior or 
radial border of the bone. This crest, which begins at the proximal 
end, subsides at the distance of 38 centim. (15 in.) from it. The 
broad hollow noticed in the ventral surface of the proximal end is 
continued down the shaft in the form of a wide shallow groove, 
which only disappears where the shaft begins to expand near the 
distalcondyles. The dorsal aspect of the shaft is convex transversely. 
This configuration of the dorsal and ventral surfaces gives to a cross 
section of the shaft an oval shape, in which the curve answering 
to the ventral surface is indented at its middle. The chord of the 
proximal end is 26-5 centim. (102 in.). The breadth of the bone at 
the most salient part of the radial crest is 21°5 centim. (84 in.); and 
the girth of the shaft is 40 centim. (152 in.). 

It will be seen that the form of the proximal end of this humerus 
agrees with that of J. Prestwichi*, and differs greatly from the 
representations of a humerus in the collection of J. B. Holmes, Ksq., 
of Horsham, given by Prof. R. Owen in his ‘ Fossil Reptilia of the 
Wealden Formations,’ pl. xiv. figs. 3, 4. These figures I never 
understood until, some time since, by the courtesy of Mr. Holmes, 
I had an opportunity of examining the specimen. Its proximal end 
is, in great part, a restoration in Roman cement, and “pl. xiv. figs. 4, 5. 
Monograph Iguanodon ” are, I was informed by Mr. Holmes, copies 
of drawings by Miss Holmes. To the great artistic talent of this 
lady, her very beautifully executed and truthful drawings of fossil 
bones which I have seen bear testimony. I shall, however, not do 
her any injustice if i suggest the absence of such critical anatomical 
knowledge as would have enabled her to distinguish the real from 
the fictile parts of the bone. 

Dermal Covering.—I had long possessed evidence that Iguanodon 

* Quart. Journ. Geol. Soc. vol, xxxvi. p. 454. 
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had a scuted hide; but until the acquisition of these remains such 
evidence was very fragmentary. In cutting away the rock from 
the larger bones of the hind limb, I found beneath it a layer of 
bony tissue separated from the endoskeleton by a deeper layer of 
rock enclosing much black carbonaceous matter. From its position 
with reference to the endoskeleton it was obvious that the outer 
layer of bony tissue was exoskeletal—was in short a dermal mail. 
In order to lay bare the tibia, it was necessary to cut away a greave of 
such dermal covering. The scutes composing it are distinctly bony, 
of irregular polygonal form ; some are 2 centim. (4 in.) thick, and 7 
centim. (22 in.)in diameter. Their external surface is slightly pitted. 

For the Jquanodon indicated by these remains, the distinctness of 
which from those of J. Mantellc * is beyond doubt, I propose the 
specific name Seely: (Jguanodon Seelyi), in slight acknowledg- 
ment of the great courtesy of Charles Seely, Esq., of Brook House, 
in permitting me to excavate the cliff for their recovery. 


EXPANATION OF PLATE IV. 


Fig. 1. The left ilium, outer view: yp, the pubic process ; 2, the ischial process ; 

pa, the preacetabular process. x }. 

2. The right femur, dorsal or anterior view: zc, the deep anterior inter- 
condylar groove; 77, the inner trochanter. xX 4. 

3. The right tibia, anterior view. XxX j. 

4, The fibula, outer view. xX i. 

5. The left foot: m, metatarsus; ii, the inner; iii, the middle; iv, the 
outer toe. xX 2. 

6. The right humerus, dorsal view: a. proximal articular surface; pp, 
the posterior process; 7, the radial crest.  X }. 


Discussron. 


Prof. Srrrey spoke of the important work carried on by the 
author, whereby genera founded on imperfect evidence had been got 
rid of. He doubted whether a form with an ilium so different from 
that of Iguanodon Manitellt ought to be referred to the ‘ame genus. 
The same doubts were suggested by the different proportions of the 
limb-bones, and by peculiarities of the vertebre, as compared with 
those of Zguanodon. 

Dr. Muri thought that the foot might have been slightly webbed, 
and remarked that the hind limb was remarkably bird-like, as shown 
by the diagram ; but he doubted whether the natural position of the 
limb-bones was that represented by the author in his restoration. 
He thought that the bones called by the author chevron bones in 
the foot might be sesamoid bones. He believed with the author 
that the tail was mailed. 

Mr. Hutxe said that he could not entertain the idea that the 
chevron bones on the foot could be regarded as sesamoid bones. 
True sesamoid bones were, indeed, present ; but portions of chevron 
bones had been accidentally fossilized in connexion with the foot. 
None of the footprints showed any trace of a web. He agreed with 
Prof. Seeley as to the great size of the tail. With the present 
evidence he thought it safer to refer the form to [guanodon than to 
create a new genus. 

* The Iguanodon indicated by the remains in the well-known slab figured in 


the Foss. Rept. of the Cretaceous formations, pls. xxiii. xxiv., is taken as the type 
of I, Mantel. 
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15. On the Crag SuEtis of ABERDEENSHIRE and the GRAVEL-BEDS 
containing them. By Taomas F. Jamreson, Hsq., F.G.S. (Read 
March 8, 1882.) 


CoNnTENTS. 


Introductory. 

Extent and Distribution of the Gravel. 

Internal Structure and Contents of the Gravel Ridges. 
The Coast Section. 

Order of Succession and Derivation of the Beds. 

List of Shells, with Remarks on the Species. 

Details of a few Sections along the Coast of Slains. 


In the year 1860 I sent to the Geological Society a short notice of 
certain beds of sand and gravel on the eastern border of Aberdeen- 
shire, which I had found to contain fragments of shells resembling 
those met with in the Crag strata of Norfolk. These shells are much 
broken and worn—most of them mere crumbs; and few are in a 
condition to enable even a skilful conchologist to pronounce with 
certainty as to their specific character, although it is sufficiently 
clear that they represent a considerable variety of forms. Never- 
theless characteristic specimens distinct enough for identification are 
occasionally got. 

The Messrs. Searles V. Wood, senior and junior, who twice exa- 
mined my collection, confirmed my opinion as to the Crag character 
of several of the species ; and Dr. Gwyn Jeffreys, who looked at 
them in passing here a good many years ago, came to the same con- 
clusion. The shells have a decidedly older and more fossilized 
appearance than those from our Scotch glacial beds; and some 
of them are filled with a hard calcareous paste or concrete, which is 
another feature that serves to distinguish them. 

My residence in the neighbourhood has given me many oppor- 
tunities of studying the subject more perfectly since my former 
communications to the Society; and as frequent reference has been 
made to these gravel-beds by Mr. Searles V. Wood, and others, and 
as a good deal of doubt has arisen as to their true age and position, 
I shall in the following pages point out their exact place in the 
series of superficial beds and give a list of all the shells that have 
been identified from them. 

Although no doubt could be entertained that the shells them- 
selves were older than those previously reported from any of our 
Scotch glacial beds, it was by no means so clear what was the age of. 
the gravel containing them. Judging from its fossil contents and 
from certain other circumstances, I at one time thought that some 
part at least of the gravel itself might be a preglacial deposit 
of Crag age; but I afterwards ascertained that what appears to be 
a glacial bed underlies it, and I therefore now believe that in their 
present state these accumulations are really all of more recent 
origin than their fossil contents would indicate, and that the shells, 
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Fig. 1.—Map showing the Localities of the Shelly Gravel of Aberdeenshire. 
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along with much of the mineral débris, have been derived from the 
destruction of strata of older date that existed probably somewhere 
in the neighbourhood before the glacial period began. 

The species of Mollusca seem to indicate that the Red Crag 
was represented (and perhaps even the Coralline), together with 
probably some of the later Bridlington or Chillesford beds ; but here 
we have nothing but the débris, the mere wreck of these deposits. 

As no Crag fossils have been found in any other part of Scotland 
(although they occur in Iceland), their existence here is a matter of 
some interest, and may help to throw light on the history of the last 
modifications which the surface of the country has undergone. 


Extent and Distribution of the Gravel. (See Map, fig. 1.) 


So far as I have been able to discover, the deposit of sand and 
gravel containing these shells is confined to the district of Slains and 
Cruden, which are two parishes situated on the east coast of Aber- 
deenshire; to the north of the river Ythan, between the seaport 
towns of Aberdeen and Peterhead, but nearest to the latter place. 
In no other part of Aberdeenshire or of Scotland have I met with it. 
I have, however, got a large and nearly perfect valve of a charac- 
teristic Crag shell (Astarte mutabilis), which was sent me from a 
railway-cutting a few miles to the west of Peterhead, where it 
occurred in a bed of red clay of glacial age. This shell contains 
some of the same peculiar concrete already mentioned, but is in 
a better state of preservation than any of my specimens from 
Slains and Cruden. 

The part of Slains and Cruden to which the shelly gravel seems to 
be confined is bounded on the east by the sea, on the south by 
a desolate tract of blown sand called Forvie, on the west by a 
small stream known as the Burn of Forvie, and on the north 
by another small stream called the Water of Cruden. The gravel, 
however, does not cover the whole or even the greater part of this 
district, which embraces an area of about twelve square miles, 
forming a tract of bare undulating ground, all under cultivation 
and culminating in an eminence named Highlaw, the top of which 
is 300 feet above the present level of the sea. This Highlaw 
is situated not exactly in the centre of the district, but somewhat 
to the north of the centre; and from it the ground slopes away 
on all sides in gentle undulations, most of it lying at altitudes 
of from 100 to 200 feet. The coast-line is for the most part formed 
of steep grassy banks and rocky cliffs, generally about 100 feet 
high. 

The distribution of the gravel within this district seems confined 
for the most part to an irregular belt of ground sweeping round 
Highlaw as a sort of centre, and at a distance of a mile or two from 
it. It extends furthest from Highlaw in a south or south-west 
direction, near to the fishing-village of Collieston, which lies on the 
coast about 35 miles off; and along its whole extent this shelly 
gravel seems to have been arranged in a series of mounds or 
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undulating ridges, like eskers or kaims, although their outlines 
are now obscured and softened in many places by a subsequent 
deposit of red clay which lies above the gravel. 

Commencing at Collieston, we can trace the gravel running inland 
in a north-west line by the Cothill Loch, the Loch of Slains, and 
then northward through the lands of Leask as far as the farm 
of Belscamphie, a distance of about 34 miles. Its average breadth 
along this tract may be stated at from half a mile toa mile. From 
Collieston the sand and gravel also extend northward along the 
sea-cliffs for nearly a couple of miles, ranging over the farms of 
Kirkton, Moss of Slains, and Clochtow. In this direction it is 
generally covered by the red clay; so that its boundary cannot 
everywhere be made out. It occurs, however, in a pit near the 
farm-steading of Brownhill (about 24 miles north from Collieston), 
which appears to be near its extremity in that lime. To the north 
of the Burn of Clochtow I have found none of it along the sea- 
cliffs; and it seems to be absent over the district between that 
streamlet and Cruden Bay, except on the farms of Brownhill 
and Ward. : 

Along the south side of the Water of Cruden, it occurs on the 
lands of Ardiffery, near the village of Hatton ; and I have traced it 
in that neighbourhood on the farms of Auchinten, Standing Stones, 
and Ardiffery. 

On the north of the Water of Cruden it seems to be absent, 
except it be on the farm of Auchlethen, close beside Hatton, where 
there appears to be a small patch of it. 

The shelly gravel reaches its greatest height above the sea in the 
neighbourhood of Leask and Auchinten, where I have found it up 
to an altitude of 225 feet; and a large proportion of it lies at an 
elevation of from 100 to 200 feet. 

At the Loch of Slains it forms a narrow prominent ridge, called 
the Kippet Hills. This ridge may be traced for nearly a couple of 
miles, running from Cothill to Knaps Leask, but is highest and best 
defined beside the Loch of Slains. The Ordnance Survey shows that 
the highest point of the Kippet ridge is 216 feet above the sea and 
80 feet above the surface of the loch beside it; and the whole of 
the ridge at this point seems to be composed of the gravel from top 
to bottom. ‘This is also one of the best localities for the shells. 


Internal Structure and Contents of the Gravel Ridges. 


The character of the gravel and its arrangement in these ridges 
are similar to what we see in a kaim, esker, or moraine—loose 
incoherent gravel heaped together in confused masses, or in irregular 
undulating beds, no two sections quite the same. Some portions 
consist of fine sand, some of fine gravel; but by far the greater part 
is a coarse pebbly gravel, with occasional clusters of large stones 
from 6 inches to 2 feet (rarely 23 feet) in length. The stones and 
pebbles are for the most part subangular or partially rounded, some 
of the larger ones quite angular; and there is a general absence of 
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smooth finely-rounded pebbles, such as we see on a sea-beach, 
although a few small ones of this sort may be found. The whole of 
the materials—the fine sand, gravel, pebbles, and larger stones—may 
occur in any relation to each other, there being no regular order or 
succession. Generally the materials are well washed, as if they had 
been tossed about in water; but occasionally the gravel is of a 
muddier character, and sometimes passes into an unstratified heap of 
coarse stony rubbish. Asa rule, however, the materials are so inco- 
herent that, when excavations are made, the stuff is continually 
tumbling down, and no clear section remains long exposed. it is 
exceedingly rare to find any trace of glacial scratching on the 
stones—so much so, that I at one time thought it never occurred ; 
but I have recently found at least one instance of it, although in 
this case the scratches were nearly effaced. The absence of the 
glacial striz is the more remarkable, seeing that the mineral quality 
of many of the stones is well adapted for receiving and exhibiting 
them. 

Small pieces of broken shells, very much worn, are pretty uni- 
formly but very scantily dispersed through these ridges, from the 
very surface down to the bottom as far as the excavations have 
gone; and they are often as frequent on the surface, I think, as in 
the interior. This is a circumstance of some interest, as the un- 
fossiliferous character of many eskers and gravel-beds has been 
attributed to the agency of rainwater &c. dissolving the shells they 
had once contained. The shelly material occurs generally in the 
form of fine pounded débris and small worn crumbs, with here and 
there a larger bit, generally a hinge of Cyprina, Astarte, or Venus. 

The bottom of the gravel has not been reached anywhere in the 
Kippet Hills, so far as I know; I am therefore unable to say what 
it rests upon there; but it is covered in some places by a mass of 
red clay, in which some ice-scratched stones are occasionally to be 
found. ‘This clay seems to have suffered denudation, and is absent 
along the crest of most of the ridge, although a patch of it may here 
and there be found; on the gentler undulations it is more frequent. | 
The steep slope of 25° to 35° which occurs along a part of the Kippet 
ridge, near the Loch of Slains, appears to be due to some action 
that has taken place subsequent to the deposition of the red clay; 
but it is also evident that the clay reposes on an irregular, undu- 
lating, or ridgy surface of gravel, and that much of the gravel must 
have had a moundy outline when the clay first lodged on it. 

In addition to the shells these gravel-beds are distinguished by 
containing many pieces of grey and yellow limestone and calcareous 
shale, which look as if they were derived from rocks of the Permian or 
Oolitic formations. And I find all over Slains and Cruden, where- 
ever these shells occur, that this limestone débris invariably occurs 
along with them ; so that it has apparently formed part of the mate- 
rial which composed the original strata that furnished the shells. 
I have seen no limestone-rocks of this nature in Aberdeenshire, 
and am unable to point out the source whence the fragments have 
been derived. In addition to the limestone débris, bits of red and 
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grey sandstone also occur. Taking 100 stones at random from a pit 
in the Kippet ridge, I found them to consist of 


Gneiss and mica-schist ............ 68 
Grey and yellow limestone ........ 20 
Gramiuere noice el, 2 Ye ae Fé 
Dandishane nd 4% heuer ae 3 
Helspac porphyry... 0.2, 2 Pe 2 

100 


In addition to these, fragments of greenstone occur, and a flint 
may now and then be found. I have likewise observed a few pieces 
of serpentine. 


The Coast Section. (See fig. 2.) 


The base of the shelly gravel is at present nowhere displayed, 
except along the coast-line, and may be best studied between 
Collieston and the old castle of Slains, a distance of little more than a 
mile. Between these points the nature of the section is as follows :— 
At the bottom we have the gneiss or mica-schist (fig. 2, a), usually 
forming a cliff from 30 to 60 feet high. The surface of the rock, so 
far as I have seen, is not smooth and glaciated, but is commonly of a 
worn subangular character, occasionally somewhat fissured and dis- 
integrated ; and detached pieces of the rock are often plentifully 
mixed with the overlying bed. Resting immediately on the surface of 
the rock there is generally a stratum of grey rubbish (6), usually from 
5 to 10 feet thick, which sometimes has the appearance of a mass of 
disintegrated gneiss, like that beneath, but more commonly consists 
of small pieces of gneiss and mica-schist, with some pebbles of 
granite and now and then a boulder of greenstone, packed in a 
matrix of fine débris of the same mineral nature. This grey stuff is 
more loose in texture than the Boulder-clay usually is, and not so 
hard, tough, and impenetrable. The reason appears to be that it 
contains less clay or fine muddy sediment; and perhaps also 
it has undergone less compression. In one or two places to the 
north of Collieston, it contains broken pieces of the Crag shells and 
bits of the limestone mixed through it; but this is so exceptional 
that it may be owing to accident. No glacial markings have been 
observed by me on any of the stones in this grey stuff at the base of 
the section between Collieston and the old castle; but ice-scratched 
stones do occur, although not very commonly, in what appears to be 
the same bed, to the north and south of these points, while the 
character of the stuff assimilates more to the nature of an ordinary 
Boulder-clay. I therefore think that this stratum of grey rubbish, 
which is very uniformly present along the coast of Slains and 
Cruden, covering the surface of the rock to a depth of from 5 to 
10 feet, must be a deposit of the glacial period, and has probably 
been the result of a sheet of land-ice acting on the surface of the 
country. 


N. 


Clochtow. 


Height, from 90 to 120 feet.) 


Fig. 2.—Coast-section from Hawklaw Head to New Olochtow. 


(Length of Section, about 4 miles. 
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Hawklaw 
Head. 


. No. 150. 


ce. Gravel and sand. 


a. Gneiss and mica-schist. 


d. Red clay. 


6. Grey rubbish. 


é. Boulders. 


In some of the cliffs about half 
a mile to the north of Collieston 
this grey stuff seems to thin out; 
and the lowermost bed next the 
rock consists of a mass of loose 
pebbly gravel and sand, exactly the 
same as that of the Kippet Hills, 
with abundance of limestone débris 
and frequent crumbs of shells. 
This coarse pebbly gravel is seldom 
more than 5 feet deep (but in one 
section there are 16 feet of it) ; 
and it passes up into a thick mass 
of fine brownish sand, with occa- 
sional streaks of gravel. This sand 
and gravel (c) form a large part of 
the sea-banks along the coast of 
Slains; and in some few places they 
lie, as I have said, upon the sur- 
face of the gneiss rock, without the 
intervention of any noticeable bed 
of other stuff between them; but 
as a rule they repose upon the top 
of some thickness of the grey 
rubbish I have just described. The 
thickness of the sand and gravel 
is often very great, from 40 to 60 
feet being not uncommon between 
Collieston and Clochtow. Occa- 
sionally the whole mass is com- 
posed of fine, soft, brownish sand, 
without stones of.any kind; and 
in these cases no shells are met 
with, or only some very fine shelly 
dust. Generally there are some 
streaks and seams of reddish sandy 
clay or silt interstratified with the 
brownish sand, especially towards 
the top; and the sand in these 
places is often tinged with red. In 
other places the sand is varied with 
seams and irregular undulating 
beds of pebbly gravel or coarse 
sand; and in these we generally 
find some of the limestone débris 
and crumbs of shells. 

I have not observed any large 
bouldersimbedded in this deep mass 
of sand and gravel, which extends 
along the coast all the way from 
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Hawklaw Head northward to near the Burn of Clochtow, a distance 
of about 34 miles. The shells and limestone débris, however, are 
mostly confined to that portion which lies between Collieston and 
the old ruined Castle of Slains. Beyond these points some calcareous 
powder or shelly dust may be found in the sand; but I have got 
nothing larger. Hawklaw Head is a rocky promontory about a mile 
and a half to the south of Collieston. 

Lying on the top of the sand and gravel, there is generally a bed 
of red clay (d), varying in thickness from 1 to 15 feet or more, which 
usually forms the top of the banks facing the sea. Some large 
transported boulders of granite, greenstone (¢), and gneiss occasionally 
occur in this clay or on the surface of it. It extends over a large 
part of Slains, and seems at one time to have covered the whole 
parish ; for it reaches up the sides of Highlaw nearly to the very 
top, and likewise spreads over much of Cruden. This clay, to which 
I have devoted another paper, represents the period of submergence 
during which the beds of brick-clay containing marine fossils of 
arctic type were deposited over the low grounds along the east coast 
of Scotland—the ‘‘ glacial marine” beds, as I have elsewhere termed 
them. 


Order of Succession and Derivation of the Beds. 


Such, then, is the succession of deposits along the coast of Slains, 
between Hawklaw Head and Clochtow. At the bottom is the 
gneiss, covered by a stratum of coarse stony rubbish, supposed to be 
of glacial origin ; then comes the thick mass of gravel and sand; and 
above all, the red clay. The bed of coarse stuff at the bottom seems 
to represent the old Boulder-clay of this part of Scotland, formed 
beneath the ice-sheet which covered the country before the period of 
submergence. The red clay represents the period of submergence ; 
and the gravel and sand lying between the two must therefore be of 
intermediate age. 

The gravel-ridges of the Kippet Hills and other mounds in the 
neighbourhood seem to me to be deposits of a morainic character, 
which have been formed along the margin of a glacier or where two 
glaciers met. The ice had probably moved over the locality where 
the Crag-beds existed; and the gravel, I imagine, represents the 
scourings of the surface which the ice carried along with it and shed 
off along its border. The washed character of the gravel indicates 
the presence and action of water, which has tumbled about the 
stones, effaced the glacial strie, and carried off the muddy sediment. 
The shells and limestone débris may therefore have been brought 
from some distance, and perhaps from a lower level. All this must 
have happened before the time represented by the red clay, which 
lies above the gravel. 

The thick masses of fine sand that occur along the coast-section 
and in some other places, may have been washed out of the gravel- 
mounds into the hollows and lower depressions of the coast at the 
commencement of the period of submergence represented by the red 
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clay ; for in those sections where the two occur together the sand 
lies above the pebbly gravel and seems to graduate upward into the 
clay. It likewise usually contains seams of red clay and silt inter- 
laminated with it, especially in the upper half; and very possibly 
part of the sand may have been a precipitate from the muddy water 
in which the red clay was suspended. These thick masses of sand 
seem to be confined to the lower levels, and do not range up to the 
same height as the pebbly gravel and red clay. I have never found 
any shells in the sand that appear to be contemporaneous with the 
time of its deposition. 

The gravel of the Kippet Hills occasionally contains rolled cal- 
careous nodules, in which fragments of shells may be perceived. 
These calcareous nodules seem to be of the same nature as the 
concrete or hard paste that fills some of the shells; and the shells 
containing this concrete have been broken, rolled, and worn after 
they were filled with it. Mr. Searles V. Wood considers that this 
fact proves the shells to be derived from beds of older date than the 
gravel now containing them—an opinion in which I concur. This 
shows that remains of marine shells may be found in glacial deposits 
and yet afford no proof that such deposits were accumulated by the 
sea. 

If a distinctive name is wanted for this shelly gravel, it might be 
termed “the Slains Gravel,” as it is best developed beside the Loch 
of Slains; while the deep mass of sand might be called ‘“ the Col- 
lieston Sand,” as it is well displayed beside that village. 

The bed of coarse grey stuff at the bottom of the sections differs 
decidedly from the shelly gravel above it, and indicates transport 
from a different direction and under different conditions. Its colour, 
texture, and mineral contents are all different. Glacier ice covering 
the country might accumulate such a mass beneath it. In the 
district of Slains the surface of the rock is seldom exposed, except 
along the coast, and no glacial markings have come under my 
notice ; but further inland, in the Ellon neighbourhood, the direction 
of the ice-scratches below the old Boulder-clay is generally nearly 
EK. and W., as if caused by ice coming from the westward and 
moving towards the coast; while the ice-worn rocks are covered by 
a bed of grey Boulder-clay, which differs from that of the coast- 
section chiefly in being harder, tougher, and more full of ice-worn 
stones of various kinds; and above it we have in many places a 
bed of red clay identical in appearance with that found in Slains. 
It seems to me, therefore, that the bottom bed of the coast-section 
has been the result of land-ice also; but the fact of its mineral 
contents often consisting almost wholly of the débris of the adja- 
cent rock implies a more local origin. 

The shelly gravel, however, seems to have come from some other 
direction ; and if so, it indicates a change of movement in the trans- 
porting agent. The fact of its containing pieces of serpentine, like 
that which occurs in situ at Belhelvie, ten miles to the south-west, 
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may afford us some clue to the line in which the transporting agent 
moved. The overlying mass of red clay, as I have shown in another 
paper, also indicates a drift from the southward. We may therefore 
suppose that in the Slains district, after the deposition of the grey 
Boulder-clay, there had been a change in the movement of the ice, 
bringing it more from the southward, which may have had some- 
thing to do with the accumulation of the shelly gravel. I incline 
to think that some patch of Crag may have occurred along the coast, 
or occupied part of the low ground near the estuary of the Ythan, and 
had been scoured out by the ice coming across it from the southward. 
The absence of shells and limestone débris in the bottom bed of grey 
rubbish along the coast of Cruden and Slains seems to show that the 
ice which lodged this grey rubbish did not move over the supposed 
Crag beds; otherwise their débris would have been mixed up with 
the grey stuff. Nor have I ever seen a trace of this débris in the 
Ellon district, to the westward of Slains; but I have got some small 
pieces of apparently the same sort of limestone to the south-west, in 
the parishes of Logie Buchan and Foveran, imbedded in the subsoil, 
which affords a further indication as to the direction from which the 
transporting agent came. 

On the north bank of the Ythan, near the iron bridge at Newburgh, 
there is a thick mass of gravel and sand, covered by a bed of pebbly 
red clay. This gravel much resembles that of the Kippet Hills; but 
I could find no shells or limestone débris in it. 

Along the coast to the south of the Ythan, in the parish of Foveran, 
at a place called Drums, there are some long gravel-ridges, or kaims, 
which appear to be older than the Red-Clay, seeing that patches of 
it lie on the top of them. These gravel-ridges contain many pieces 
of red sandstone and serpentine; but I could see no shells or lime- 
stone in them. They run in a direction from N. to 8. and 8.W., and 
may be traced for three or four miles from Newburgh, on the river 
Ythan, southward to Menie, in the parish of Belhelvie. Possibly 
they may indicate the margin of that ice-stream which came along 


the coast from the south, to which reference is made in my paper on 
the Red Clay. 
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Inst. of the Shells. 
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It will be seen that the group is most nearly related to the 
Red Crag, all the species being found there save one, viz. Tellina 
balthica. Messrs. Searles V. Wood maintain that this shell does 
‘not occur in the Coralline, Red, Norwich, or Chillesford Crag beds of 
England, although it is found at Bridlington and in all the later 
glacial deposits. But there would be nothing surprising in its 
inhabiting the Aberdeenshire coast at the Crag-period, although 
absent from the shores of Norfolk. 

It is, however, by no means unlikely that the deposits from which 
the Slains shells were derived may have included different members 
of the Crag series, and even some of a later stage. But the presence 
of Voluta Lamberti, Astarte mutabilis, Trophon costiferwm, Nassa 
reticosa, Fusus contrarius, and Cyprina rustica, together with the 
prevalence of the large form of Pectunculus glycymeris and of Venus 
casina, affords good evidence that some bed as old at least as the 
Red Crag of Norfolk must have contributed to the remains, 
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Mr. 8S. V. Wood, informs me that the large Pectunculus “ di- 
stinctly dies out as we ascend the Crag series, swarming in the 
Coralline Crag and in the older part of the Red. In the Norwich, 
or fluvio-marine, Crag only one small specimen has ever been said to 
have occurred ; and in the Chillesford shell-bed, which is the sand 
immediately underlying the Chillesford clay, only one small much- 
worn valve has ever occurred, though these deposits have been most 
assiduously hunted by various collectors. In the lower glacial we 
have never seen a trace of it. On the other hand it is very common 
in the middle glacial, but always small, the larger specimens frag- 
mentary, but the fry quite unworn and perfect.” Mr. 8. V. Wood, 
also conments on the absence of Tellina obliqua from among the 
Slains specimens. This shell, he says, “swarms in all the newer 
beds of the Crag and in the Lower Glacial, and occurs, although not _ 
common, in the Middle Glacial; but it is unique at Bridlington. 7. 
pretenuis is also a swarming Crag shell, but not common in the 
Lower Glacial, and not yet met with in the Middle Glacial or at 
Bridlington. The newer beds of the Red Crag, the Norwich Crag, 
and the Chillesford beds are almost made up of these two Tellens; 
and it is very odd that in such a case no trace of them should occur 
with you.” (Letter of date 25 March, 1870.) 

Pecten maximus, P. opercularis, Venus casina, and Venus (Artemis) 
lincta appear in some lists as Scotch Glacial species; but there is 
great doubt as to the correctness of this. The careful researches of 
Messrs. Robertson and Crosskey would seem to show that they do 
not occur in the true glacial beds of Scotland. 

Hinge-fragments of Astarte are common in the Slains gravel, and 
appear to represent more than one species; but they are too worn 
and imperfect for satisfactory determination. I have several pieces 
of Fusus contrarius, which seems to have been more common 
than the dextral variety, and also a few of Nassa reticosa; of 
Nucula Cobboldie only one hinge-fragment, but showing traces of the 
zigzag markings characteristic of this species. I found it near the very 
bottom of the deep mass of sand in the coast-section at Collieston. 
Of Purpura incrassata I have three specimens, quite characteristic, 
and two of them nearly complete. Of Zrophon costiferwm I have 
only one small young specimen, nearly complete, but much worn. 
Both the Messrs. Wood and the late Dr. 8. P. Woodward, who also 
saw it, think it probably this species. 

Of Turritélla incrassata I have only a few fragments; but the 
Messrs. Wood pronounced them to be undoubtedly this shell. Of 
Voluta Lamberti I have only one clear specimen, which consists of 
the very characteristic columella or pillar of a large-sized individual, 
much worn, but quite unmistakable; I found it in the gravel of the 
Kippet Hills, near the Loch of Slains. Fragments of Pectunculus 
glycymeris are not very rare: and most of them indicate a large size 
of shell, such as occurs in the Red and Coralline Crag. 

Small pieces of Pecten are very common; but they are too frag- 
mentary and worn for satisfactory identification. Most of them 
seem to agree with P. opercularis, so far as they go. 
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Pieces of Cyprina islandica are numerous, the strong massy 
hinge of this shell having withstood the tear and wear better than 
most others; a few of them are filled with concrete. 

I have a good many hinge-pieces of what I believe to be 
Cyprina rustica ; but I must candidly mention that the Messrs. 8. V. 
Wood expressed themselves doubtful as to their identification, 
thinking they might belong either to this species or to C. islandica. 
I feel confident, however, that they are not the latter, as it is a shell 
I am quite familiar with in all states of preservation, it being per- 
haps the most plentiful of all our glacial Mollusca, and also quite 
common on the Aberdeenshire coast at the present day; and I find 
no difficulty in distinguishing its hinge from these specimens of 
C. rustica. 

In regard to the shell-fragments as a whole, the question natu- 
rally arises whether some of them may not be of glacial age, con— 
temporaneous with the period during which the gravel was accumu- 
lated. So far as I can judge from their appearance and state of 
preservation, I incline to think this question must be answered in 
the negative, and that the shells are probably all derivatives from 
older strata, and none of them of the glacial age to which the accu- 
mulation of the gravel itself must be assigned. 


Details of a few Sections on the Coast of Slarns. 
1. Section on the Coast immediately to the South of the Old Castle 


of Slains. 
Commencing at the bottom at high-water mark we have :— 
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The coarse grey rubbish next the rock is here made up almost 
entirely of the débris of spotted mica-schist, apparently the same as 
that of the subjacent rock (andalusite schist). It appears to contain 
none of the limestone débris or broken shells. The schistose frag- 
ments in it are angular, and show no marks of glaciation, so far as 
I observed. The mass appears to be quite unstratified ; and the in- 
cluded fragments lie in all positions and are packed in small débris 
of the same nature. The proportion of fine impalpable mud is small 
compared with what is seen in a typical Boulder-clay, such as that 
at the Bay of Nigg. 

Lying immediately above this grey rubbish there is a bed of coarse 
gravel and sand containing shell-crumbs and small limestone débris. 
It is an open washed gravel, quite unlike the stuff beneath, and 
meets the latter suddenly without graduation or intermingling. This 
coarse sand passes quickly up into an unstratified mass of loose 
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rough pebbly gravel, composed of gravel, sand, and stones, all water- 
washed and partly water-worn. The stones are of all sizes up to a 
foot or a foot and a half in length. They consist of many kinds of 
rocks. Gneiss and spotted mica-schist predominate ; but there are a 
great many pieces of yellow limestone, grey limestone and shaly lime- 
stone. Several fragments of purplish red sandstone, some of granite, 
one or two of serpentine, and a flint may be also found. In form 
the stones are for the most part subangular ; but some well-rounded 
pebbles also occur. Small crumbs of shells are disseminated all 
through this pebbly gravel; and in it I got a small specimen of 
the Crag shell Fusus contrarius, var. carinata, much worn. This 
mass of rough pebbly gravel does not seem to extend continuously 
along the bank with the same thickness for any great distance. In 
general appearance and composition it seems identical with the gravel 
of the Kippet Hills. | 

Above it there is a thickness of 22 feet made up of fine brownish 
grey sand with seams of coarse gravel and reddish silty sand alter- 
nating with one another. Crumbs of shells and small limestone 
débris occur in the seams of coarse gravel all the way to the top, 
where it meets the over-lying clay, the junction with which forms 
an irregularly undulating line, as if the sandy beds had suffered 
some denudation. 
“ The bed of clay forming the top of the bank at this spot seems to 
be a mixture of red clay with some patches of a coarse grey clay 
intermingled ; but it is not very fully exposed. There are several 
stones in it, of all sizes, up to 23 feet in length, and of various kinds, 
viz. gneiss, mica-schist, granite, and greenstone. This clay shows 
no distinct stratification, and is of coarse quality and not laminated. 


2. Section at Clochtow. 
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In this section the coarse grey rubbish next the rock resembles 
that in the section already described, consisting of small rock-débris 
packed in a little muddy matter of the same mineral nature. Here 
the rough pebbly gravel is wanting, and the thick mass of sand and 
sandy silt seems to contain scarcely any stones or pebbles of any kind. 

There is even an absence of small gravel, the whole mass being 
fine-grained, and consisting of brownish-grey sand interstratified 
with beds of reddish clayey silt and reddish sand, which appear to 
occur in all parts of the mass; but the red tinge seems to prevail 
more towards the top. The meeting of this thick mass of sand and 
silt with the coarse grey rubbish beneath appears to be sharp and 
sudden; there is no graduating into each other, so far as I could see. 
At the top, where it meets the overlying clay, the line of junction 
seems to be undulating. This clay above it is not very extensively 
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exposed; most of it appears to be red; but there seem to be patches 
of coarse grey mud containing small stones intermingled with it. 
Although no large boulders are to be seen in it, yet some occur on 
the top of the bank about 50 yards off, one of them 5 feet in 
length. They are of granite, gneiss, and greenstone. 


3. Section at Perthudden Bay, near Collreston. 
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In the bed of coarse grey rubbish next the rock in this section I 
found one or two small stones distinctly ice-worn and scratched. 
There is no bed of rough pebbly gravel here; but in the thick mass 
of fine sand and silt there are, near the bottom, some seams of coarse 
sand or fine gravel in which crumbs of shells and limestone occur. 
The fine sand lies in undulating masses, and is of a brownish-grey 
colour, with seams of reddish sandy clay interlaminated with it. 
The bed-of clay at the top is of a reddish colour, with scarcely any 
appearance of stratification. Much of it is fine-grained ; and some of 
it is laminated. No large boulders are seen; but a small stone may 
be got here and there init. In one spot, pretty deep down near 
the bottom of the clay, I found a patch of dark brownish red coarse 
clay containing small stones and bits of broken shells (Cyprina 
islandica and Astarte borealis). This portion shows no distinct lam- 
ination or stratification, but contains irregular films and nests of 
sand, and is hard, tough, and compact in texture. The stones in it 
are chiefly of granite and quartz; but there are also some bits of 
yellow limestone such as occur in the gravel. 

This variety of clay does not seem to extend continuously along 
the bank, but appears to be confined to a small spot, as if some 
frozen mass of pebbly shelly stuff had been dropped here amongst 
the fine red mud. 


Discussion. 


Mr. Dr Rancz was unable to understand how Red-Crag shells 
could have been preserved in glacial drift. He disagreed with those 
who do not admit the possibility of southern species living on in the 
seas of the Glacial period. 

Mr. R. Bext remarked that Tellina balthica had never been found 
in any southern Crag locality ; and it was very remarkable to find 
it in any deposit containing undoubted Crag shells. 

Prof, Jupp stated that the author had pointed out that Tellina 
balthica may be of the age of the accumulation of the gravels, 
while the other shells are derived; or the shell may have lived in 
northern regions in Crag times, though it did not flourish in more 
southerly seas. . 
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16. On the Rep Cray of the ABERDEENSHIRE Coast and the DrrEcTION 
of the Ick-MOVEMENT in that quarter. By Tuomas F. Jameson, 
Esq., F.G.S. (Read March 8, 1882.) 


ConTENTS. 


. General Distribution and Character of the Clay. 

. Its Mineral Contents. 

. Drift from the Southward. 

Change of Direction in the Ice-flow. 

. Organic Contents of the Clay. 

Progress of the Submergence. 

. Northern Limit of the Red Clay. Blue Clay of the Banffshire coast, 
. Direction of the Ice-flow to the South of Stonehaven. 

. Reappearance of the Glaciers, and Denudation of the Red Clay. 
. Upper Limit of the Submergence. 

. Geological Date of the Submergence. 

. Explanation of the Section at the Bay of Nigg. 
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1. Generat DISTRIBUTION AND CHARACTER OF THE OLAY. 


THE more we know of the Glacial period the more evident it becomes: 
that it embraces a long and complicated series of changes which 
will require much patient study to understand ; and some districts 
are found valuable as presenting clear evidence of certain events 
which cannot be discovered from the appearances we find in other 
quarters. 

The Aberdeenshire coast is one of those districts. On the eastern 
side of that county we find a well-marked bed of red clay, which 
covers much of the low ground along the coast between Aberdeen 
and Peterhead, and extends some distance to the north of the latter 
town (see Map, fig. 1). It ranges from the sea-level up to an altitude 
of 300 feet, but is scarcely seen at heights beyond that, although there 
are here and there some indications of it at a higher level. It stretches 
inland along the course of the various streamlets which come down 
to the coast, and appears to have subsided most thickly in the depres- 
sions that intervene between the low eminences of gneiss and granite 
which constitute the rocky framework of the district. In some of 
these depressions patches of it are found of great thickness and 
purity. A depth of twenty or thirty feet may occur in which few 
stones or pebbles of any kind are tobe seen. These masses, however, 
are usually of very limited extent; and commonly the clay is much 
thinner and coarser, with some pebbles and occasionally large boulders 
interspersed through it, while sometimes it is so coarse as to assume 
the character of a Boulder-clay. The finer kinds of it are often 
delicately laminated, and occasionally pass gradually into beds of a 
more sandy nature, or have seams of sand interstratified with them. 

Now this clay is not such a deposit as would be derived from the 
rocks of the district in which it occurs ; for the grinding down of the 
gneiss and granite gives rise to sediment of a grey colour, generally 
somewhat bluish-grey where the gneiss predominates, and of a more 
brownish tint where the granite prevails. This is well seen from 
the nature of the Boulder-clay covering these rocks, and which has 


Fig. 1.—Map of the Aberdeenshire Coast, showing the Distribution of the Red Clay. 
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resulted from the triturating action of the glacier-ice passing over 
them. The red clay I speak of looks more like what we should 
expect to find in a district of Old Red Sandstone, being of a decided: 
brick-red colour, exactly resembling the clay we find in the Red-Sand- 
stone district of Kincardine and Forfar. How comes it, then, that a 
red clay of this nature should be found stretching so far over a tract 
of gneiss and granite which is covered by grey Boulder-clay of quite 
a different hue and character? For this red clay lies on the top of the 
grey Boulder-clay, and has therefore been laid down after it. The 
grey Boulder-clay itself seems to have been accumulated beneath a 
sheet of ice travelling from the interior of the country towards the 
sea; for beneath it we frequently find the surface of the rocks worn 
and scratched as if by the passage of a glacier coming from the west- 
ward, while the boulders and stones imbedded in it are such as 
would be furnished by the rocks that occur in the same direction. 


2. Mrnerat Contents oF THE Rep Cray. 


Now the Red Clay is not only decidedly different in colour, but is 
further distinguished by containing stones that have evidently come 
from a different quarter. Very noticeable among these are certain 
large round pebbles of grey quartz with a smooth reddish exterior, 
such as are met with in the Old Red Conglomerate of Kincardine- 
shire. They vary much in size: many of them are as big as a 
man’s head, or even bigger ; and they occur of all dimensions below 
that. They are often rubbed and scratched as if by the action of 
ice, and frequently worn to a flat sole on some of the sides, as if they 
had been ground down by long rubbing upona hard surface. Their 
mineral character, reddish colour, and general appearance seem to 
show that they have come out of the Old Red Conglomerate; but 
there is another feature of a peculiar kind which serves still more 
certainly to identify them. In the Red Conglomerate rock of 
Kincardine and Forfar many of these pebbles have been split, frac- 
tured, and recemented while imbedded in the rock; and occasionally 
they are indented on the surface by the pressure of an adjoining 
stone, which has left a dint or depression in the exterior of the 
pebble, while here and there one may be seen quite distorted in 
shape, owing to the edges of the split pieces being shifted a little 
past each other as if by a fault or series of faults. These curious 
pebbles are very common in the Conglomerate near Stonehaven and 
in the Garvock hills, and were noticed long ago by Mr. Trevelyan. 
(Quart. Journ. Geol. Soc. vol. i. p. 147). Now many of the quartz 
pebbles we find in the Red Clay of Aberdeenshire exhibit all these 
features, which is a further proof that they have been derived from 
the Conglomerate. To make the matter still more sure, we find in 
some places fragments of the red sandstone itself, and also, more 
rarely, pieces of the conglomerate. 

These reddish quartz pebbles occur all over the area covered by the 
Red Clay, and often in great quantity. They are very common in the 
parishes of Slains and Cruden, especially near the coast, and occur 
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-also round Peterhead and even as far north as St. Fergus, which is 


30 miles from Aberdeen and 45 from Stonehaven. 

There is still more evidence to show whence the Red Clay has 
come; for in addition to the débris of the Old Red Sandstone itseif 
we find many stones of a volcanic nature, unlike the rocks of Aber- 
deenshire or the North of Scotland, but resembling the masses of 
trap which occur in the sandstone district of Forfar and Kincardine. 
We also get bits of jasper, sometimes an agate, and pieces of a 
greenish stone like the hard-mud beds of the sandstone series, all 
which seems to point clearly to a drift from the southward ; and 
when I add that this red clay may be traced continuously along 
from Stonehaven to Aberdeen, and thus into the Red-Clay district I 
am describing, the probability becomes very strong that the source 
of the clay is to be sought in the Red Sandstone and Conglomerate 
region to the southward. 


3. DRIFT FROM THE SOUTHWARD. 


That there has been a drift along the coast of some kind from the 
south is further shown by the transport of other rocks. About six 
miles to the north of Aberdeen, in the parish of Belhelvie, there is a 
ridge of well-marked rock composed of serpentine and diallage which 
has sent off a large number of heavy boulders. These are scattered 
along the coast to the north-east of the ridge in question, while 
smaller fragments are to be found more and more sparingly as we 
go northward towards Newburgh and Peterhead, a few occurring 
even beyond the latter town, while they seem absent to the south 
and west. 


4, CHANGE oF DIRECTION IN THE IcE-FLOW. 


I shall now mention some facts I observed a good many years 
ago which have a bearing on the subject I am considering Three 
miles along the coast to the south of Aberdeen there is a small 
fishing-village called the Cove, where there is a railway-station. 
Here there are some granite-quarries, where the surface of the rock 
exhibits clear marks of glaciation. The ice-grooves run in two 
directions, there being an older set and a newer. Both are well 
marked, the older set being perhaps the most extensively developed. 
Tn these quarries there are also two beds of Boulder-clay, an older 
and a newer, which afford a further means of distinguishing the 
relative age of the two sets of strie. The lowermost and oldest 
clay is of a grey colour and contains fragments of gneiss and 
granite. It is chiefly seen in the depressions of the rock, where it 
has escaped denudation. ‘The upper and newer bed is red in colour 
and contains many of the reddish quartz pebbles, derived apparently 
from the Old Red Conglomerate, and also pieces of volcanic rocks, 
neither of which seem to occur in the grey clay below. The 
difference in hue between the two clays is very distinct when newly 
excavated. Both are hard and tough and require to be broken up 
by the pickaxe, being impenetrable by the spade alone. Beneath 
the grey stuff the ice-grooves point about 8. 70° W., varying, how- 
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ever, occasionally from S. 50° to 80° W., while the rubbed surface 
of the granite shows plainly that the ice has come from the west- . 
ward and not from the east. Where the grey stuff is absent and 
the red clay lies next the rock the direction of the grooves is about 
S. 10° W. or 60° further south than the older set, and the action on 
the surface of the rock seems to show that the moving agent had 
come from the south and not from the north. 

The accompanying section (fig. 2) will give some idea of the 
arrangement of the Boulder-clays. 


Fig. 2.—Section at Cove Quarry. 
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a. Red Boulder-clay, 4-6 feet thick. 
b. Grey Boulder-clay, 1-3 feet thick. 
c. Granite. 


This interesting locality proves that there has been a change in 
the direction of the ice-flow: the older stream has come from the 
interior of the country to the W.S.W., parallel to the strike of the 
valley of the Dee, bringing with it the grey débris of gneiss and 
granite ; whereas the later stream has come nearly from the south, 
or parallel to the line of coast. This change has brought with it the 
red material from the sandstone district of Kincardineshire ; and in 
following the coast north from Stonehaven I observed that the red 
Boulder-clay of that locality extended past the boundary of the Old 
Red Sandstone on to the gneiss rocks which range along the coast 
northward to Aberdeen; and I have traced this red Boulder-clay, 
full of Old Red Sandstone débris along the coast of Kincardineshire 
to within a mile of the town of Aberdeen. 

More recently I have found evidence to show that this movement 
of the ice extended not only to Aberdeen, but continued along 
the coast on to the Buchan Ness, a rocky headland beside Peterhead, 
forming the most easterly point of the Scottish coast. 

There are several granite-quarries in that neighbourhood ; but the 
rock has generally little cover ; and it is only where the surface of 
the granite has been protected by a covering of clay that the glacia- 
tion is likely to be preserved. ‘The best instances I discovered were 
at a quarry on the top of a high rocky cliff called Mordow Head or 
Murdoch Head. Here there are from three to five feet of unstratified 
reddish pebbly clay covering the rock. This clay is quite full of the 
quartz pebbles from the Old Red Conglomerate and pieces of volcanic 
rocks. Whereithas been recently removed, thesurface of the granite 
beneath shows clear marks of glaciation. The striz point 8. 20° to 
30° W., which is about parallel to the general trend of the coast- 
line to the south of this point ; and, so far as I could judge, the action 
had come from the 8.W. and not from the N.E. 
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On the top of Stirling Hill, 260 feet high, close beside Buchan 
Ness, where the old quarries of red granite have long been worked, 


-I also found evidence of glaciation, but not so well marked: the 


striz are worse preserved; and the direction seems to vary more. 
So far as I could make out, they pointed at one spot S. 10°-20° W., 
at another 8. 45° W., at another 8. 25°-380° W.; and so far as I 
could form an opinion, the action had come from 8.W. Some traces 
of the red clay occur here and there on the hill. 

On the north brow of Stirling Hill I also found some instances of 
of the HE. and W. glaciation. The surface so marked was of very 
small extent ; but the striz were distinct and pointed nearly due W. 
or W.5°S. These are probably of older date, like those beneath 
the grey clay at the Cove; for at Peterhead Bay, just at the south 
side of the town, we find a thick mass of the same grey Boulder-clay, 
full of granite and gneiss débris, resting immediately upon the 
surface of the granite, which is here somewhat soft and disintegrated 
and does not bear signs of glaciation. Upon the top of this grey 
Boulder-clay at Peterhead Bay there is a heavy bed of the Red Clay, 
quite distinct in colour, and with fewer stones; it is not, how- 
ever, so extensively or so deeply exposed as the grey clay beneath ; 
but its position above the latter is at present very satisfactorily 
displayed. 

The clear evidence at Murdoch Head shows that the ice from 
the southward came along the coast on to the neighbourhood of 
Peterhead, grazing the surface of the rocks at the projecting head- 
lands and bringing with it the red clay and débris of the Sandstone 
formation; so that we have here the movement traced for a distance 
of 40 miles to the north of Stonehaven by its action on the rocks, 
while the Red Clay itself extends ten miles further. This flow of ice 
along the coast from south to north accounts for the drift of red 
sediment and sandstone débris which we find on the east coast of 
Aberdeenshire as far north as Peterhead, and likewise for the trans- 
port of the serpentine boulders in the same direction. 

It is somewhat difficult to decide whether the ice which flowed 
northward along the Aberdeenshire coast was of the nature of a 
glacier or pack-ice, such as that which fringes the east coast of 
Greenland, where it drifts steadily along the margin of the land 
southwards to Cape Farewell, under the influence of the Arctic 
current. Such extensive sheets of ice, 30 or 40 feet thick, with 
bergs occasionally frozen into them and moving steadily along a 
coast, seem competent to exert some abrading action on the rocks ; 
for in Nares’s Expedition to the Arctic regions Capt. Feilden tells 
us that they obtained ocular demonstration that even the shore-ice, 
acted on by the rise and fall of the tide, picked up material from 
the bottom and scratched the imbedded stones as well as the rocks 
against which the ice grated*. It may be contended that the fine 
red mud might have been brought in suspension by the current of 
water which carried the fioe on its surface, while the stones scattered 
through the clay may have been dropped from fragments of ice into 


* Quart. Journ. Geol. Soe. vol. xxxiv. p. 566, August 1878. 
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which they were frozen. The glaciation of the rocks near the 
Buchan Ness and Murdoch Head may perhaps not be thought suffi- 
cient to render it imperative to call in the agency of a glacier,- 
although the red pebbly clay which covers them is unstratified ; but 
at the Cove, I think, the appearances are more conclusive; for the red 
Boulder-clay there is very hard and tough, as if it had been pressed 
beneath a glacier. I therefore incline to believe that the glacier 
really did advance northward along the coast as far as Aberdeen, 
and may have even stretched past Peterhead. 

In regard to the source of the red sediment, it must be kept in 
view that possibly beds of Red Sandstone and Conglomerate may 
occupy the present sea-bottom along the Aberdeenshire coast ; for 
some little outlier patches are known to occur at Aberdeen, although 
too small to be shown on a map unless of a large scale. 

Dr. R. Brown* has described how a deposit of fine clay, just 
like what we have in Scotland, is at present in course of formation 
on the coast of Greenland and in the fiords and bays of that country. 
It arises, he tells us, from the creamy mud produced by the grinding- 
down of the mineral matter beneath the glacier, and is carried along 
by the subglacial torrents issuing from the ice. The action of the 
waves beating upon the red Boulder-clay extruded from below the ice, 
or left behind it when it retired, would no doubt give rise to a similar 
fine mud, which would subside in the deeper depressions where there 
was still water. 

The fact of the ice having changed its line of movement and come 
along the coast from the south is wonderfully in accordance with 
the views of Dr. Croll, who in his paper on the Caithness drift t 
boldly maintained that, owing to the shallowness of the sea between 
this country and Norway, the Scandinavian ice would not be able to 
float and break up into bergs like that of Greenland, but would be 
obliged to spread over the sea-bottom and advance towards Britain, 
so that the Scottish ice would be unable to move out to the eastward, 
and be compelled to turn along the coast in the direction it seems 
to have actually taken. 


5. Organic ConTEN Ts oF THE CLAY. 


The Red Clay is remarkably devoid of remains of animal and 
vegetable life. It is rare to find shells in it; and when they do 
occur it is always very scantily, and usually in broken fragments. 
I have never seen or heard of any sea-shells in the clay at Aberdeen 
itself, although some of the pits there have been wrought for many 
years. But they sometimes occur at a pit known by the name of 
the ‘Black Dog,’ five miles north of that town, and also here 
there in a few other places. The most common species are Cy- 
prina islandica, Astarte borealis, and Sawxicava sulcata, large form. 
The following are also occasionally met with, viz. Astarte elliptica, 
Tellina balthica, Tellina calcarea, Pecten islandicus, Cardiwm echi- 


* Quart. Journ. Geol. Soc. 1871, vol. xxvii. p. 681. 
+ Geol. Mag. vol. vii. p. 1, May 1870; see also ‘ Climate and Time.’ 
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natum, Dentalium entalis, Turritella communis, Trophon clathratus, 
Lntiorina limata, and Panopea norvegica. 

One or two instances have occurred of the remains of a small fish. 
Thus in 1870, at the Tipperty pit near Ellon, the skeleton of one 
was got about 12 or 15 feet below the surface; this I saw. The 


_ length of it was 44 inches, of which the head-like portion measured 


2 inches. And at the pit at Torry farm, near Aberdeen, some 
vertebre of a small fish were got in 1859, deep down in the bed of 
Red Clay. There have also been some instances of bird-skeletons. 

Many years ago the skeleton of a bird was got in the Invernettie 
clay, near Peterhead, at the depth of about 30 feet beneath the surface. 
Mr. Yule, who had it in his possession for some time, told me it was 
almost complete and seemed to have belonged to a bird of large 
size. 

In the Seaton clay-pit the skeleton of what seems undoubtedly to 
have been an Eider Duck was got. It is now in the Museum at 
Marischal College, and bears the following label, “‘ Bones of Eider 
Duck, Somateria mollissima*,from Seaton brickwork, 17 feet deep.. 
Donor, Alex. Nicol, Esq. Feb. 1875.” It includes the upper part of the 
skull with the upper mandible, bones of the leg and foot and a large 
part of the rest of the skeleton. Another bird-skeleton was got in 
the same pit before, but not preserved. 

In the Clayhills pit at Aberdeen the imperfect skeleton of what is 
thought to have been a duck was got a good many years ago, 30 feet 
beneath the surface in the Red Clay, and is also in Marischal College 
Museum. 

Some imperfect remains of Starfishes (Ophiura) were also got at 
the same place, according to Prof. Nicol. 

In the Red Clay at Auchmaccy brickwork, part of a Seal’s skull'was 
got in March 1858, and was for some time in my possession. 

Such is the meagro list of what has been found in this red clay of 
the Aberdeenshire coast. For a marine deposit the scantiness of 
fossils is surprising; for the greater part of it seems absolutely 
barren. So much is this the case that the late Dr. Fleming +, who 
knew it well, thought it must have been accumulated in the water © 
of some immense lake into which the sea had made only a temporary 
irruption. ‘The organic remains, however, such as they are, imply 
that the water was that of the sea; but their extreme scantiness 
seems to point to a sea in which marine life was far from abun- 
dant. 


* Prof. Turner of Edinburgh, in his account of remains of Seals got in the 
clay-beds of Scotland (Proc. of Roy. Soc. of Edin. 1869-70, p. 105), mentions 
that Dr. Page informed him that nearly perfect skeletons of the Surf and Hider 
Ducks had been found in the Shatheden clay. Prof. Turner refers the Seal 
skeletons he examined to the Arctic sp. Pagomys fetidus. The skull-fragment I 
got from the Auchmacoy clay may possibly have belonged to the same species. 
I sent it to Prof. Owen ; but the great anatomist was probably too busy at the 
time, and I heard nothing of it. 

* + Brit. Assoc. Report for 1859. 
¢ Lithology of Edinburgh, p. 80. 
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6. PROGRESS OF THE SUBMERGENCE. 


It is worthy of notice that there is no evidence at the bottom of 
the clay of littoral Mollusca such as would indicate shore-conditions 
at the commencement of thesubmergence. ‘The fine red mud implies 
deep, or at least quiet water; and as a rule it lies immediately upon 
the top of the grey Boulder-clay, without the intervention of any 
beach-gravel or sand between them, as if still water of some depth 
had at once taken the place of the glacier. ‘This may be explained 
by supposing that at the beginning of the depression the glacier still 
occupied the surface and did not break up until a considerable 
amount of submergence had occurred. In this way deep water 
would take the place of the ice as soon as it floated off the bottom; 
and the red mud would then settle down upon the exposed surface 
of the grey Boulder-clay. 

During the time the glaciers attained their full development there 
might have been a considerable depression of the land going on ; but 
if the whole surface of Scotland was covered with thick ice, the sea 
would not gain admission to the depressed tracts until the ice was 
removed. In the Antarctic continent and some parts of Greenland 
a similar state of matters prevails. The glacier occupies the sea- 
bottom, excluding the salt water, and embraces many of the islands, 
insomuch that it is difficult to know whether the land is continental 
or consists of a group of islands soldered together by ice. 

The evidence in Scotland seems to point to a somewhat similar 
condition. The whole country seems at one time to have been thickly 
clad with ice; and I believe the depression or submergence began 
when such was the state of affairs. But the beds of fine marine clay 
must have been deposited at a later stage, after the ice began to 
give way. The thinnest ice would yield soonest; and we might 
therefore expect it would be there the sea-water would make its 
first appearance. 

The glacier-ice seems to have been less heavily developed on that 
north-eastern angle of Scotland which lies between the Moray Firth 
and the Firth of Forth than elsewhere ; and we may therefore suppose 
that it would melt away most quickly in that quarter. The sea- 
water would therefore probably establish itself first in the neigh- 
bourhood of Peterhead and Fraserburgh, and thence creep south and 
west along the coast as the ice gradually broke up. But when the 
ice disappeared, it would seem that either the land began to rise 
again or the sea-level began to sink, so that the submergence became 
less and less and gradually came toanend. The submergence seems 
to have followed close upon the presence of the ice, and not to have 
endured long after the ice vanished. This appears to have been the 
case not only in Scotland, but also in other countries ; so that it is 
difficult to avoid the conclusion that there must have been some 
intimate connexion between the two events. . 

As the submergence proceeded the glacier seems to have gradually 
retired, sending out red mud all along its margin. This recession 
went on until the ice left the Aberdeenshire coast altogether and 
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withdrew to the region whence it set out; for we find the Red 
Clay covering some of the low coast-districts of Kincardine, Forfar, 
Perth, and Fife, there being beds of it at Montrose and Errol con- 
taining marine shells and starfishes in situ, which proves that the 
ice had retired and the sea had taken its place. This submergence 
may be traced across Scotland south-westward to the neighbourhood 
of Loch Lomond, near which we find, at Balfron and elsewhere, beds 
of the very same sort of red clay, derived from the sandstone of that 
quarter, not far from the base of Benlomond, which shows that the 
glaciers had vanished from the low ground of Scotland at this 
time. 

If Tam right in my explanation of the origin of the Red Clay and 
the way in which the glacier retired, we may infer that the clay- 
beds at Errol and Montrose were deposited at a somewhat later 
date than the earliest of those on the Aberdeenshire coast. There 
would in fact be a gradual succession of the beds deposited as we 
trace them from Peterhead back to Aberdeen, Stonehaven, Montrose, 
and Errol, while that near Benlomond would probably be the latest 
of all. 

As these marine beds have suffered much denudation from a 
subsequent advance of the glaciers and other causes, the upper strata 
are probably wanting, and we have a blank in the evidence at the 
next stage. Here may have occurred a long interval of time during 
which one of those warmer periods intervened when some of the 
Mammalia flourished whose remains are found in the caves and river- 
beds of England. 


7. NorrHern Limit oF tHE Rep CLAY AND OF THE ICE-FLOW. 


Blue clay of the Banffshire coast. 


During the extension of the ice along the coast it is probable that 
it underwent phases of increase and diminution, like all existing 
glaciers. We are apt to take too narrow and simple a view of the 
changes that have happened during the long periods these operations 
of natureembrace. In some of the deeper sections near Peterhead 
there are indications of considerable variety in the character of 
the clay. Beds of a fine dark-blue clay occur interstratified with 
the red, which imply derivation from a different source. Round the 
northern extremity of Aberdeenshire and along the coast of Banff 
there is a deposit of this blackish-blue or indigo-coloured clay, which 
seems to have been derived from the dark slaty rocks of the Banfishire 
district, and has been carried eastward round the projecting corner 
of Aberdeenshire until it met the red clay in the district between 
Peterhead and Fraserburgh. 

The ice of the Moray Firth seems to have flowed eastward along 
the Banffshire coast and turned round the corner of Aberdeenshire 
at Fraserburgh, where the rocks are glaciated from the north-west; 
so that there seem to have been two streams of ice—one coming 
along the coast from the Moray Firth, bringing with it the blue mud 
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the other coming northward along the coast from Stonehaven, bringing 
the red mud, and both meeting a little to the north of Peterhead. 

The eastward flow of the Moray-Firth ice across the northern 
border of Aberdeenshire is further proved by the general direction 
of the transport of boulders in that quarter, as I hope to show more 
fully in a subsequent paper. 

At the town of Aberdeen the Red Clay is associated with beds of 
fine pale ashy-grey clay ; and there is alsosome of a dun colour, 
which may have arisen from the mingling of the two sediments. 
The grey clay has probably been derived from the liquid mud pro- 
ceeding from the glacier of the Dee valley. The chief mass of this 
fine grey clay seems to lie below the red; but in some cuttings the 
two are interlaminated, Details of sections will be found in the 
Quart. Journ. Geol. Soc. for Nov. 1858, vol. xiv. p. 509. 

In the district of Slains and Cruden, between the river Ythan and 
Peterhead, the clay is widely spread and the red colour strongly 
marked, 

I ought to have mentioned that small pieces of what appears to 
be chalk, often glacially marked, are not uncommon in the clay-pit 
at Dry ley s* near Montrose, and also at the Black-dog pit at Belhelvie 
on the Aberdeenshire coast. I have likewise foun them, but more 
rarely, at Invernettie near Peterhead. Small pieces of coal also occur 
both at Dryleys and Belhelvie. 


8. DrIREcrTIon oF THE lcE-FLOW TO THE SOUTH OF STONEHAVEN. 


Mr. Irvine, of the Geological Survey, has observed marks of glacia- 
tion on the coast at a place called the Crawton, a few miles south of 
Stonehaven, in a direction from 8.W. to N.E.; and in an old note- 
book of my own I find an entry of having seen ice-marks on trap 
rock near the mouth of the north Esk, not far from Montrose, 
running from 8.W. to N.E., and covered. by a thick mass of coarse 
pebbly Ted clay. On the Old Red Con glomerate of the Garvock hills, 
which form a low ridge parallel to the coast in the southern part of 
Kincardineshire, Dr. Simpson of Mary Kirk many years ago showed 
me some good instances of glaciation. The direction was “about due 
K. and W. ., crossing the chain obliquely. This is not the direction 
in which we should expect land-ice to have moved in that quarter 
if unobstructed ; for the general slope of the country from the Gram- 
pians to the sea is from N.W. to 8.E. But if the ice was diverted 
northward along the coast, it is just what might be looked for, as 
there would be a point where the ice in curving round from N Ww. 
to S.W. would move due E.; and Dr. Howden of Montrose states 
that the general run of the glacial markings in that quarter is from 
W. to E. 

The features of the sea-bottom along this north-eastern part of 
Scotland seem to bear some testimony to the former flow of a stream 
of ice parallel to the coast. There is a submarine bank of elevated 


* An interesting account of the superficial teds of clay &c. at Montrose, by 
Dr. Howden, will be found in the Trans. of the Edin. Geol. Soc. for 1868. 
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ground called ‘ the Long Forties,’ which extends from opposite the 
Firth of Tay ina N.E. direction to opposite Kinnaird’s Head. Between 
this bank and the present coast-line there is a long hollow called ‘*‘ the 
Buchan deeps,” which stretches in a parallel line from near Montrose 
to opposite Kinnaird’s Head, deepening very gradually from south 
to north. This hollow may represent the central path of the ice- 
stream which grazed the Aberdeenshire coast, while the Long Forties, 


may mark its eastern flank. 


9. REAPPEARANCE OF THE GLACIERS, AND DENUDATION OF THE 
Rep Cray. 


There is evidence that at some period after the Red Clay had been 
laid down, the glaciers from the interior again advanced and swept 
most of it away along the track of the principal ice-streams. Inthe 
valley of the Dee the ice came down from the mountains to the 
present line of coast, and, uniting probably with that of the Don 
valley, presented a front at least five miles broad, leaving great 
mounds of gravel and stones all along its margin (sce map, p.161). 


_ This moraine-grayvel distinctly overlies the Red Clay at its termina- 


tion. The clay is entirely absent from the valleys both of the Dee and 
Don, only a few small deep-lying patches being left near the town 
of Aberdeen ; while immediately to the north of these moraines, on 
the coast at Belhelvie, the red clay begins at once to reappear exactly 
where the gravel ceases, covering the fields beyond the Burn of 
Milden to the height of 200 feet or more above the sea; and along 
the south bank of that streamlet the superposition of the moraine 
gravel upon the wasted margin of the clay can be clearly made ont. 
This gravel also occasionally contains wasted lumps of the clay, and 
confused masses of the silty beds are sometimes jumbled up with it, 
as at the north side of the Bay of Nigg near Aberdeen. The morainic 
character of the gravel is very well seen at the top of the mud cliff 
at the south side of the same bay (fig. 3, p. 175). 

Owing to this new advance of the glaciers, which no doubt coin- 


cided with the return of a more rigorous climate, the marine beds 


have been much destroyed. In many places they have been entirely 
removed ; in others the upper portion has been swept off, or converted 
into an unstratified pebbly mud; while in others, again, they have 
been pushed out of place or their stratification has been contorted 
and more or less deranged by the pressure of the ice. The proba- 
bility therefore is that the uppermost or last-deposited portion of 
these marine beds is everywhere gone. 


10. Urrrr Limit oF THE SUBMERGENCE. 


The upper limit of the submergence during which the Red Clay 
was deposited cannot at present be determined. The readvance of 
the ice has blotted out the evidence. The clay itself with a well- 
defined character ranges up to at least 300 feet above the sea in 
the Ellon district, being found stretching continuously up to the top 
of some eminences at that elevation on the estate of Kinmuck and 
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elsewhere ; and as it is a deposit of still water, the probability is 
that the summit of these eminences lay so deep as to be beyond the 
agitation of surface waves. On the southern slope of the Hill of 
Dudwick in the same neighbourhood there is a bed of hard reddish- 
brown or ferruginous-coloured clay, containing small stones, which 
covers the quartzite of that hill and thins out on the brow of the 
eminence at an altitude of 500 feet or a little more. This coarse 
clay may very possibly have been derived from the same deposit as 
the finer red clay at lower levels; but of this I cannot be certain. 

In this eastern part of Aberdeenshire there are some shoals of 
waterworn pebbles of quartz and flint on the tops of hills at heights 
of from 350 to 470 feet, unlike any thing I have met with in other 
parts of Scotland. Some account of them will be found in the Quart. 
Journ. Geol. Soc. Nov. 1858, vol. xiv. p. 528. The pebbles are 
intensely water-rolled, like those of a beach, as if they had been 
exposed to the action of waves in shoal water; they do not seem 
to be moraine gravels ; and in one place I got fragments of sea-shells 
at an altitude of about 300 feet. This was in a bed of smaller 
gravel forming the crest of an eminence 356 feet above the sea, 
called the Hill of Auchleuchries. It lies quite near to Dudwick, 
and is 20 miles to the north of Aberdeen and 7 miles from the 
coast. The species found were :— -istarte borealis, several fragments ; 
A, elliptica (?), fragment, but rather imperfect for fair determination ; 
Buccinum undatum (?), fragments of the spire of a good-sized univalve, 
probably this species; Cardium, 2 pieces, apparently C. echinatum ; 
Cyprina islandica, a great many fragments; Mactra elliptica, a 
hinge-fragment; Murex erinaceus, one specimen, nearly perfect, 
but a good deal worn, length % inch; Nassa inerassata, one 
specimen, nearly whole; Purpura lapillus, two specimens nearly 
entire and a fragment of another; some fragments of Saxicava 
rugosa and Tellina balthica; Tellina calcarea, some fragments 
apparently of this species, but too imperfect for certainty ; Trophon 
clathratus, one small specimen, imperfect; Twrritella terebra, one 
fragment. 

It is rather singular to find Murew erinaceus here, the only 
other instance of its occurrence in the glacial beds of Scotland, so 
far as I am aware, being at Dalmuir in the Clyde district. It 
occurs, however, on Moel Tryfan. 

Although these shoals of waterworn pebbles have not been observed 
by me above an altitude of about 470 feet, yet over the top of the 
Hill of Dudwick a few of the very same waterworn pebbles of quartz 
and flint occur scattered here and there up to a height of 560 feet ; 
and some of these show marks of glacial action which must have 
been imprinted on them after they were water-rolled. The probability, 
therefore, is that the shingle beds had originally ranged up to the 
top of this hill, but had been subsequently removed by glacial action. 
This would bring the submergence to at least 560 feet, beyond which 
the evidence fails us. 

Quite recently a small denuded patch of fine silt containing 
shallow-water shells in situ has been found by Mr. James Fraser, 
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C.E., Inverness, at Clava in the valley of the Nairn, at an altitude of 
500 feet, which shows, that a similar amountof submergence must 
have taken place in that district. 


11. GrotoeicaL DATE oF THE SUBMERGENCE. 


We have seen that the Red Clay was laid down before the last 
creat advance of the glaciers, and that the submergence to which it 
is due followed upon a previous development of the ice of far greater 
amount. This earlier glaciation seems to have been extremely ~ 
intense and long-continued ; for it has well nigh effaced all pre- 
existing records which would have thrown light upon the antecedent 
history of the surface. How long it endured, and whether there 
were other periods of glaciation before it with intervals of milder 
climate, as some suppose, are questions to which no satisfactory 
answer has as yet been got from the evidence in this part of 
Scotland. 

The Mollusca whose shells are found in the clay all belong to 
existing species now living in the Northern seas; and in this respect 
they resemble those got in the other arctic shell-beds of the East 
of Scotland, and differ as a group from those found in the Bridling- 
ton shell-bed of the Yorkshire coast, and also from those re- 
ported by Mr. 8. V. Wood from what he terms the Middle Glacial 
Sands of England, both of which contain some species that are 
extinct, or at all events unknown in the Northern or British seas. 
Our submergence must therefore be of later date. The Aberdeen- 
shire group seems more allied to those reported by Mr. Prestwich 
from the Kelsea-Hill Gravel in Yorkshire (see Quart. Journ. Geol. 
Soc. for April 1861, vol. xvii. p. 446), and to the shells from the 
Glacial clays of Lancashire. 

Dr. James Geikie, in his recent able work on Prehistoric Europe, 
has referred the Errol and Montrose clays to a still later period. 
He terms them Estuarine clays, and supposes them to have been 
laid down after the last ice sheet had passed away, at a time when 

he thinks a subsequent submergence of the Scottish coast took place 
to the extent of 90 feet. I cannot say that I have found any 
evidence on the Aberdeenshire coast of a subsequent submergence 
to this extent ; and it seems to me that the groups of shells found 
both at Errol and Montrose infer both an earlier date and a much 
greater amount of submergence. The Mollusca are a deep-water 
group, and not an estuarine assemblage. The Errol shell-bed at 
present lies 40 feet above the sea. A submergence of 90 feet 
would therefore place it under 50 feet of water, which is little 
more than 8 fathoms. Now this does not at all harmonize with the 
character of the group. The Rev. Mr. Brown (who had the 
assistance of Dr. Otto Torell in regard to the shells), in his paper on 
the subject in the Trans. of the Roy. Soc. of Edin. vol. xxiv. p. 630, 
concludes that “ the level of the land was at least 150 to 200 feet 
lower than now ;” and, so far as I can form an opinion from the 
organic evidence, I should say the probability is in favour of a 


174 T: F. JAMIESON ON THE RED CLAY 


greater amount of submergence rather than a less. Had they been 
estuary clays these beds should have contained characteristic estuary 
shells, such as Littorina litorea and L. rudis, Cardium edule, Mytilus 
edulis, Scrobicularia, &c., all of which are wanting ; and so are even 
the more characteristic shells of shallow-sea water, such as Zellina 
balthica. The group is also intensely arctic, more so in fact than 
those reported from any other part of Scotland, and is just such 
alot as might be dredged in pretty deep water on the coast of 
Spitzbergen at the present day. This intensely arctic character was 
particularly remarked by Dr. Torell, and affords another good 
reason why the submergence should not be attributed to a period so 
late as that to which Dr. Geikie refers it. 

I am of opinion therefore that the shell-beds of the red clay at 
Errol and Montrose belong to the same epoch of submergence as the 
Red Clay of the Aberdeenshire coast, and that they are not estuarine, 
but deep-water beds belonging to a period ‘antecedent to the last 
great advance of the glaciers. Although no bed of Boulder-clay 
overlies the Errol shell-bed, yet the latter seems to be a mere 
denuded patch ; and the same remark will apply to that of Montrose 
and of Elie in Fife. Had these clays been laid down in estuaries 
after the glaciers finally passed away, we might expect to find them 
more widely distributed at levels beneath 90 feet, whereas they 
appear to have been much wasted, and occur only here and there in 
patches, and rangé up to heights above 90 feet. 

I mentioned that some remains of starfishes were got in the clay 
of Aberdeenshire ; but the species was not determined. Probably they 
were the same as those got at Montrose, St. Andrews, and Dunbar, 
which have all been referred to Ophiolepis gracilis of Allman. At . 
Montrose they appear to be confined to a thin seam of dark micaceous 
sand, in which they are occasionally pretty numerous. At St. 
Andrews they also occur in a thin seam of sand in the brick 
clay at Seafield (see R. Walker in the ‘Scottish Naturalist’ 
for April 1875). This thin layer of sand with Ophiolepis may 
very lkely mark a definite horizon in the clay all along the east 
coast from Dunbar to Aberdeen. Dr. Howden of Montrose says 
that when first exposed this micaceous sand had a strong sulphurous 
smell as of putrid animal matter. 

Although a few skeletons of the whale have occurred in ‘‘ THE 
CarsE ” or post-glacial estuary mud of the Forth, I am not aware 
of any remains of this animal having been got in the earlier glacial 
clays of Scotland—which is rather curious, seeing that bones of the 
seal have been met with in several cases. 

The features of the Aberdeenshire coast which I have described 
in the foregoing pages seem interesting :— 

Ist. From the evidence afforded of a movement of ice flowing 
northward along the coast. 

2nd. From the close connexion which is evinced between the 
presence of the ice and the submergence of the land. 

3rd. From the evidence at Aberdeen which shows that the glaciers 
had again advanced to the coast after the submergence during which 
the Red Clay was laid down. 
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The section which is so well exposed in the mud cliff facing the 
sea at the south side of the Bay of Nigg (fig. 3) is so instructive as to 
merit a detailed description. 


12. EXPLANATION OF THE SECTION AT THE Bay or Nice. 


Fig. 3.—Section of Mud Cliff at Bay of Nigg. 
(Depth of section about 60 feet; length of do. about 200 yards.) 


1. Gneiss. 2. Gravel. 3. Grey Boulder-clay. 
4, Red Boulder-clay. 5. Sandy silt. 6. Moraine gravel. 


1. The rock at the base is a coarse granitic gneiss not much 
exposed, and, so far as I can see, exhibiting no clear marks of glacia- 
tion. 

2. The lower gravel is a very unusual feature in this quarter, as 
it is seldom that any thing is found between the rock and the grey 
Boulder-clay above it. This gravel is seen only at the south end of 
the section. Where it commences at the base of the cliff it is very 
coarse, with a few large boulders of granite and gneiss from 3 to 
53 feet in diameter ; but as it rises and thickens in the bank it ceases 
to contain any large boulders, and consists of waterworn pebbly 
gravel and sand, the stones being well rounded ; in mineral quality, 
they consist of granite and gneiss, similar to what occur in the grey 
Boulder-clay above. This lower gravel cannot be traced for any great 
length beyond the section, the rocks along the coast to the south- 
ward being covered by Boulder-clay. I could see no trace of shells 
in this gravel, which reaches a thickness of from 10 to 20 feet at its 
southern extremity. 

3. The Boulder-clay which forms the chief mass of the section is 
of a dull grey or dun colour, is very compact, firm and difficult to 
pierce, stands up like a wall with a perpendicular or even over- 
hanging front 30 or 40 feet high, although washed at the base by 
the surf at high tide. At the south end of the section it thins off 
considerably and rests on the gravel no. 2. In one place, near the 
middle of the section, it rests on asmall knob of gneiss ; but further 
north its bottom is not exposed. It is quite unstratified, very tough 
and solid, as ifit had been compressed beneath a heavy weight, and 
contains no broken shells or organic remains of any kind, so far as 
I could perceive. The stones in it are of granite and gneiss of 
several varieties, with some of quartz-rock, hornblende-schist, 
felspar-porphyry, and greenstone, the last not common. These stones 
have their angles worn off, and are generally of small sizes; but 
some large boulders from 3 to 4 feet in diameter occur here 
and there in all parts of the mass; and still larger ones are seen at 
low water along the base of the cliff, which have no doubt been 
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derived from the gradual waste of the bank. Few of the stones 
show glacial scratches, which may be owing to their hard erys- 
talline quality in a great measure. This Boulder-clay consists of a 
fine impalpable mud, mixed with small gritty particles of quartz 
and felspar, and stones of all shapes and sizes, stuck in all manner 
of positions, the whole forming a dense impenetrable mass like 
concrete. The fineness of the mud, which is as fine as flour, makes 
it adhere tenaciously to the stones like plaster. The included stones 
are such as might be got from the rocks along the valley of the Dee, 
of which the Bay of Nigg forms the natural termination; and this 
grey Boulder-clay is, no doubt, the mud accumulated beneath the 
glacier which descended that valley. 

4. At the top of this grey mud there is, in some parts of the 
section, a variable amount of reddish Boulder-clay (no. 4), which 
contains round pebbles of brownish quartz with a reddish exterior, 
such as occur in the Old Red Sandstone conglomerate, and bits of 
volcanic rock and jasper, like what are found in the red clay of the 
Aberdeenshire coast further north. This reddish portion is seen at 
the middle of the section and towards the north end; and the water 
trickling down from it imparts a red tinge to the surface of the grey 
clay beneath. So far as my observation goes, none of these Old Red 
Sandstone pebbles nor fragments of the same volcanic rocks occur 
in the deep mass of grey clay ; they seem confined to this red portion 
at the top, which evidently represents the red Boulder-clay of the 
quarry section at the Cove (fig. 2). Red Boulder-clay containing 
the same mineral débris and bits of sandstone is seen covering the 
surface of the rock at the first railway-cutting to the south of the 
Bay of Nigg, close beside the mud cliff I am describing, the grey 
clay being absent. This red portion, no. 4, with its distinct colour 
and peculiar mineral contents, clearly betokens a change of conditions, 
with transport of material from a different quarter from that of the 
grey clay. 

5. At the north end of the section there is a denuded patch of 
fine brownish sandy silt, free from stones and containing apparently 
some seams of reddish silty clay ; but I could see no pure mass of 
red clay in it, and the whole is so soft and sandy that the swallows 
have pierced it with many of their nesting-holes. It has been cut 
down in a very irregular manner by the overlying gravel, which 
envelops it quite unconformably ; and its stratification 1s in some 
places bent and twisted. Its structure indicates deposition from 
water ; and as it differs much from the stuff both above and beneath, 
it must have been formed under very different conditions. It may 
be a remnant of marine silt deposited during the period of submer- 
gence, when the beds of fine clay were laid down along the coast. 

6. The upper gravel is a very coarse jumble of stones,‘pebbles, and 
sand, without any regular arrangement. The materials of which 
it consists range in size from sand and pebbles up to blocks 
and boulders 3 or 4 feet in diameter. There are masses of 
shattered rock débris, such as might be found at the base of a 
weathered cliff of gneiss; and there are here and there patches of 
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bedded gravel and sand very irregularly placed. This upper coarse 
gravel varies in thickness from 15 to 20 or 25 feet, and is coarsest 
in quality towards the south end of the section, where a distinction 
is observable in it, the uppermost three or four feet consisting of 
angular stones and chips of granite and gneiss of all sizes, sticking 
in all manner of positions in a matrix of ferruginous muddy sand ; 
while large boulders of the same kinds of rock are imbedded in the 
surface, back from the edge of the bank. Below this the gravel 
is of a looser texture, but still very coarse and full of large stones. 
Some of the stones in it are rounded as if water-rolled ; and in this 
lower portion I here noticed some wasted lumps and nodules of red 
clay, likewise some of the reddish quartz pebbles which appear to 
have come from the Old Red Sandstone conglomerate. At the very 
bottom, where it meets the grey Boulder-clay at the south end of 
the section, there is a seam of finer gravel 3 or 4 inches thick. 

This upper gravel or mass of stony rubbish has all the appearance 
of being a morainic accumulation. It has none of the features of 
a raised beach, and seems to contain no trace of marine shells or 
other organic remains. It ranges over the adjacent heathy ridge 
of high ground called the Hill of Nigg, where the morainic cha- 
racter of the heaps of stones and boulders is very marked. Its 
position in the section, and the fact of its containing lumps of the 
red clay, show it to be of later origin than that deposit. This 
harmonizes with the evidence we find at Belhelvie, and proves that, 
- after the transport of the red stuff from the south, the glacier of the 
Dee again came down to the coast and played havoc amongst the clay 
beds that lay in its road. 


Note to the Map (p. 161). 


The map shows approximately the area in which the Red Clay is 
met with. In some places outlying patches may be found a little 
beyond the limits I have assigned to it, showing that at one time 
it covered a larger extent of ground. It must also be under- 
stood that the clay does not cover all the tract coloured red, there 
being many places in which it is either wanting or hidden by 
overlying masses of more recent origin. Along the Kincardineshire 
coast, between Aberdeen and Stonehaven, it does not seem to extend 
far inland, and is generally of a coarse pebbly nature like a Boulder- 
clay, occurring in patches on the high rocky ground which borders 
the sea, but stretching further inland near Stonehaven. 
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17. On an Extinct Chelonian Reptile (NotocHELys costata, Owen), 
from Austratia. By Prof. Own, C.B., F.BS., F.G.S8., &c. 
(Read January 25, 1882,) 


Order CHELONTIA. 
Genus NotocHetys*. 


Species NorocHELYS COsTATA. 


Hitherto the fossil reptilian remains transmitted to me for descrip- 
tion from Australia have been limited to parts of the skeleton of 
the great horned Lacertian (Megalania prisca, Ow.T). 

The first evidence of a Chelonian from that continent was sent in the 
present year (1881), by our fellow Member Professor Archibald 
Liversidge, of the University of Sydney, New South Wales. He 
kindly permitted a mould to be taken of the specimen, with the 
request that the original should be returned to him after a de- 
scription and figure had appeared. ‘The mould and casts are in the 
British Museum, Cromwell Road. 

The specimen was found in a formation at Flinders River, Queens- 
land; but the nature and age of the deposit are not stated. It is 
petrified and, with the imbedding matrix, of great weight. 

The fossil consists of an anterior portion of the carapace (fig. 1) 
and of the plastron (fig. 2) brought into unnaturally close contact by 
posthumous pressure, . 

The carapace includes the four anterior and part of the fifth 
neural plates (fig. 1, s 1, 2, 3, 4,5), and the second, third, fourth 
and expanded portion of the first costal plates of the left side (ib. 
pl 1’, 2', 3, 4’); of the proximal or expanded portions of the right 
second, third, and fourth costal plates (ib. pl. 2, 3, 4,) with a frag- 
ment of the first (pl. Lr); a portion of the left half of the nuchal 
plate (ch); and portions of the first and second marginal plates of ~ 
the left side (7m 1, m 2). 

The preserved part of the plastron includes the right and left 
coalesced hyo- and hyposternals (fig. 2, hps, r, and hps, /), indications 
of the episternals and the entosternal; and, anterior to these parts 
of the plastron, both scapulo-acromial bones (51) have been brought 
into view. . 

The first neural plate (fig. 1, s1), 1 inch 10 lines long by 9 lines 
broad, has a small portion of the left antero-lateral angle preserved 
with the rest of the plate: this slightly decreases in breadth toward 
the hinder junction with the second neural (s2). The impression of 
the transverse junction of the first vertebral scute (v 1), with the 
second (v 2), crosses the plate s1 near its mid length. 


* yvéros, south, yéAus, tortoise.. 
+ Phil. Trans. for the years 1858, 1880 and 1881. 
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Fig. 1.— Anterior Portion of the Carapace of Notochelys costata 
(2 nat. size). 


The first costal plate (pl. 1) articulates with the entire lateral bor- 
der of the first neural plate, extends a little in advance of that to 
articulate with the nuchal plate (ch), and also a little beyond the 
posterior border to join the truncated anterior angle of the second 
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neural (s 2). In this character Notochelys differs from Chelone 
longiceps*, and agrees with Chelone breviceps +. 

Only the mesial expanded portion of the first costal (pl 1), which 
articulates also with the nuchal (ch) and second costal plates, is pre- 
served ; its fore border joins the second marginal plate(m2); the lateral 
anterior angle also articulates with the first marginal plate (m 1). 
Fractured parts of the narrower rib-like outward extension of the 
first costal (pl 1) are preserved, indicating a length of the entire plate 
of 5 inches. The breadth of the expanded portion exceeds that of 
the same part in the succeeding costal plates. 

The second neural plate (ib. s 2), of greater breadth than the 
first, has the anterior costal plate (pl 1) articulated with the an- 
terior truncated angle. The posterior angles of the second neural 
are also truncated, but in a minor degree, for articulation with the 
third costal plate (pl 3), in which character it differs from the 
Eocene Chelonians figured in the under-cited work, some of which, 
e.g. Chelone longiceps, Ch. subcristata, Ch. convexa, show the second 
vertebral plate (s 2) articulating with the second costal exclusively ; 
others (e.g. Chelone breviceps and Ch. subcarinata) articulate, as in 
the existing Chelone mydas, with a portion of the second costal, 
but not with any part of the third costal plate. 

The third neural plate (ib. s 3) has marginal articulations 
exclusively with the third costal plate (pl 3), and neither the fore 
nor the hind angles are truncated. In Chelone subcarinatat the third 
neural plate articulates with both the second and third costal plates ; 
and in Ch. breviceps, in a larger proportion with the second costal—the 
third vertebral plate here presenting a hexagonal figure, while in 
the present species it is aparallelogram. Its length, in Notochelys, is 
1 inch 8 lines, its breadth 9 lines; it is crossed transversely a little 
in advance of its mid length by the line of junction of the second 
to the third vertebral scutes (v 2, v 3). 

The fourth neural plate (ib. s 4), with a broader anterior border 
than the third (s 3), shows the anterior truncated angles of that bor- 
der articulating with the third costal plate ; the long lateral borders 
articulate exclusively with the fourth costal (pl 1). But a small 
portion only of the fifth neural plate (s 5) is preserved. 

The second costal plate (pl 2) is larger, but antero-posteriorly 
narrower than the first. The extent of the posterior suture with 
the third costal, 2 inches 9 lines, gives that of the expanded part of 
the plate: beyond the suture it begins to contract to the ordinary 
rib-like proportions, the preserved extent of which free part is 3 
inches. The expanded part is impressed with the lateral angle of 
the second vertebral scute, from which is extended the impression 
of part of the junction of the first costal (¢ 1), with the second 
costal (c¢ 2) scutes. 

The third costal plate (pl 3) has similar proportions of the ex- 
panded and rib-like parts to those of the second costal. It articulates 
mesially with the third neural and the anterior angle of the broader 


* Hist. of British Fossil Reptiles (4to, oe bay 13. fig. 1. 
t Ib. plate 10. t Jd. plate 10. 
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fourth neural. It is impressed by the entering angle of the junc- 
tion of the second costal scute (¢ 2) with the second and third verte- 
bral scutes (v2,v3). The length of the rib-like production of the 
third costal scute from the suture with the second costal is 3 inches 
10 lines; the entire length of the plate is 6 inches 9 lines. 

The entire extent of the free portion of the fourth costal plate 
(pl 4) appears to be preserved; and its length from the suture with 
the third costal is the same as in the third: there may be a small 
terminal portion wanting in both; the breadth and length of the 
expanded portion seem to have been the same as in pl 3; but the 
fracture of the hind part of the specimen may have removed that 
margin of the fourth costal. 

This plate shows the impression of the lateral angle of the third 
vertebral scute (v 3) at its junction with parts of the second and. 
third costal scutes (¢ 2, ¢ 3). 

Of the costal plates of the right side, parts of the expanded por- 
tions only are preserved; and they have been partially dislocated 
from the vertebral plates by pressure from above; only small 
angular portions of the 1st and 4th are present. 

Not more of the nuchal plate (ib. ch) is preserved than serves 
to indicate that the mesial part of its hind border is slightly pro- 
duced backward to unite with the first neural plate; the rest of 
the hind border, preserved only on the left side, unites suturally 
with the fore border of the expanded part of the first costal plate. 
Laterally the nuchal plate unites with the foremost of the marginal 
plates (m1); and to this is attached a portion of the second mar- 
ginal plate. 

The breadth of the entire carapace of Notochelys costata, taken 
across the fourth pair of the costal plates, the right plate being 
restored, is 14inches. Assuming that about half of the length of the 
carapace is shown in the fossil, the total length may be estimated 


‘at 20 inches. 


Of the plastron are preserved the right hyo-hyposternals (fig. 2, 
p. 182, hps. r) and a great proportion of the left (ib. hps. 1), They 
appear to have been in contact mesially for rather more than the 
anterior half of their fore-and-aft extent : the postero-mesial borders 
diverge at almost a right angle from the mid line. The best-preserved 
hyo-hyposternal rapidly loses in length as it extends outwards for 
above two thirds of its total breadth ; then it again expands to less 
than half the mesial length, and terminates in diverging pointed 
rays, of which the hindmost are longest and narrowest; two of 
these are bifurcate. They do not appear to have effected any bony 
union with the costal elements of the carapace. 

The left hyo-hyposternal shows the best-preserved mesial border, 
the anterior portion of which seems to have underlapped the corre- 
sponding border of the right bone. ‘The underlapping portion shows 
two large angular processes, each an inch broad at the base, and con- 
tracting to a point; they are followed by a series of six or seven 
smaller processes diminishing in size as they recede in position. 
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Fig. 2.— Anterior Portion of the Plastron of Notochelys costata 
(4 nat. size). 


In both elements of the plastron the exposed surface has lost some 
substance near the mesial margin. Sufficient, however, remains to 
throw welcome light on the affinities of this Chelonite. 

The characters of the carapace might be interpreted as those of a 
true Turtle (Chelone) not modified sufficiently to bear a subgeneric 
distinction. But those of the plastron show the well-marked cha- 
racters of the part in Z’rionyx and Chelys ; the hyosternal and hy- 
posternal, which are separated by a persistent transverse suture in 
Chelone as in Emys and Testudo, have coalesced, and so completely in 
Notochelys as to leave no trace of the original presence of the suture in 
the immature reptile. The hyosternal element in Chelonians where 
the plastron is best ossified, as in the extinct Eocene kinds, does not 
extend backward beyond the second vertebral scute on the fourth 
neural plate*; whereas the single plastral bones (fig. 2, hops), 
extend backward beyond the third vertebral scute (fig. 1, v 3), and 
probably beyond the fifth neural plate; for the hindmost angles of 
both plastral bones have suffered fracture. Sufficient is preserved, 
laterally, to show that the carapace and plastron were not united 

* Compare Hist. of Brit. Foss. Rept. pl. 1 (Chelone breviceps), pl. 13 ( Chelone 


longiceps), pl. 14 (Chelone convexa}. See also Cuvier, Ossemens Fossiles, tom. vy. 
pt. ii. (4to, 1824) pl. xiii. fig. 6 (Chelone mydas), fig. 7 (Chelone caretta). 
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together by bone; consequently the freshwater (HKmydian) and 
terrestrial (Testudinarian) groups of Chelona are out of the pale of 
comparison. In the absence of the alternate broadening and nar- 
rowing of the mesial and lateral ends of the costal plates also 
Notochelys differs from the foregoing groups, and resembles both 
the Chelydes, Trionyces and Chelones. 

The impressed indications, however, of the size and shape of the 
vertebral (v 1, 2, 3) and costal (pl 1, 2, 3, 4) scutes remove the pre- 
sent Chelonite from the family of soft Turtles (Trionycide), and 
manifest its affinity to the Chelydians. But a comparison of the 
characters shown in the preserved portion of the bony cuirass 
indicates differences which have generic value. 

These modifications, especially of the carapace, show a nearer 
affinity to the marine Turtles (Chelone) than the known Chelydians 
exhibit, and indicate a more generalized type in the Australian 
fossil. This adds to the interest with which we hope to hear of the 
precise geological position of the bed, which, with its included fossil, 
has undergone such complete petrifaction. 

I have only to add that the open angle between the scapula and 
its connate and elongate acromial process (fig. 2, 51) more re- 
sembles that in Chelone caretta than in any existing species of Chelys 
or Trionyx. 

The details necessitated for determination of the extinct Chelo- 
nians of our Kocene formations (Hist. of Brit. Foss. Reptiles, vol.i.) 
have led me to note characteristics of my present subject in aid of 
the comparisons which our Australian fellow workers may have to 
institute with respect to subsequently discovered fossil remains of 
Chelonia in their continent. 


Discussion. 


Prof. SzeLzy regretted that the specimen upon which the paper 
was founded was not upon the table. It would also have been 
helpful if the author had attempted a restoration. He pointed out 
how much the elements of the plastron must have been displaced. 
He could not help suggesting that the hyo-hyposternal bones were 
not combined, but that those preserved were the hyosternal bones 
only. If this were possible, he doubted the propriety of the name 
Notochelys, as, if the above point were not proved, there was nothing 
to separate the genus from Chelone. Had the peculiar modifica- 
tion of the plastron supposed by the author existed, he should 
have expected more marked differences in the carapace. At the 
same time the value of the contribution could not be doubted. 


Q.J.G.8. No. 150. 0 
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18. Additional Discoveries of HieH-LEvEL Marine Drirts in Norra 
Watss, with Remarks on Drirriess Angas. By D. Macxintosu, 
Ksq., F.G.S.* (Read February 22, 1882.) 


CoNTENTS. 


I. Introductory Remarks. 
II. Extent of the Drift-zone between Minera and Llangollen Vale. 
III. Detailed Description. 
IV. Probable Origin of Drift-knolls. 
V. Driftless areas in North Wales. 
VI. Boulders and Drifts on Moel Wnion. 
VIL. Summary of Facts and Inferences. 


Ll. Lyrropuctrory REMARKs. 


SmncE commeucing this branch of geological research, I have 
found the subject increasingly beset with difficulties, which have 
chiefly ariseu from the necessity for exploring new ground at the 
risk of being frequently disappointed. Since my last paper was 
written, I have not succeeded in discovering any very decided 
traces of high-level marine drifts in entirely new localities; and 
though some may have escaped my notice, there can, I believe, be 
little doubt that the drift-zone between Minera and Llangollen 
Vale contains such an immense development of undoubted sea- 
beach deposits, compared with other districts, as to render it worthy 
of a more detailed description than that contained in my last paper, 
more especially since I have succeeded in tracing its extension 
southwards over an additional two miles (see Map, fig. 1). The total 
absence, so far as yet known, of marine drifts or raised sea-beaches 
above an altitude of 800 feet higher than the present sea-level, in 
Scotland, continental Europe, Asia, or North America t, ought to be 
regarded as investing the above drift-zone (which ranges between 
1000 feet and 1350 feet above the sea) with an additional interest. 


* Tn these discoveries I was aided by the Committee of the Government Fund 
for Scientific Research. 

t+ Quart. Journ. Geol. Soc. for August 1881, p. 351. In line 19 from the 
bottom of p. 352, for “rounded” read pounded, which was the term applied 
by Darwin to the condition of the slate fragments on Moel Tryfan. During 
my last visit to this mountain, in nearly all the sections then exposed, I saw 
a layer of slate-chips several feet in thickness, which rested on the edges of 
the nearly vertical slates i sitw. The chips, where they could be seen in 
profile, inclined (in many places along more or less curved lines) from the N.W. 
or N.N.W. During this visit one section showed numerous boulders in the 
clay (above the sand and gravel), some of the largest being on the surface, or 
only slightly imbedded. 

+ According to Lyell, in his ‘ Antiquity of Man,’ 700 feet is the greatest 
height reached by shelly drift in North America. 
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Fig. 1.—Sketch Map of the Drift-zone between Minera and 
Llangollen Vale. (Seale 1 inch to a mile.) 
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The broken line represents a wall (generally above the 1000-feet contour-line) 
which separates the cultivated ground on the east from the grass-, heath-, and 


bog-land on the west. The dotted spaces represent exposures of more or less 
rounded gravel and sand. 


Il. Extent oF tHE DRIFT-ZONE BETWEEN MINERA AND 
LUANGOLLEN VALE. 


_ So far as it is revealed by indications at the surface or in excava- 
tions, this zone extends almost continuously from a point south of 


02 


186 D. MACKINTOSH ON HIGH-LEVEL 


Pen-y-graig (S. of Minera) to a point about half a mile W.S.W. of 
Cefn-y-Fedw farm-house, its extreme length along a line from 
N.N.E. to 8.S.W. being little short of jive miles (see Map, fig. 1). 
Its average breadth is probably about one third of a mile, but in 
some places it reaches three quarters of a mile. It extends in a 
direction nearly coincident with that of the axial ridge on the eastern 
slope of which it is situated. The extreme height of this ridge 
towards the N. end is 1495 feet, and towards its S. end 1677 feet 
(according to the 6-inch Ordnance map). 


III. Derartep DuscriprTion oF THE DRIFT-ZONE. 


Previously to making a more minute survey of this area than on 
former occasions, I went over the Bryngwyn district immediately 
north of Minera; but nowhere there, or west of Minera, could I see 
any stones that were not angular (away from the small river which 
flows past Minera); and it is a remarkable fact that granite erratics 
were likewise absent, though this may perhaps be explained by sup- 
posing that the district was too deeply submerged to intercept the 
floating ice which, further south on Minera mountain, left numerous 
granite erratics. On walking from the lower Park lead-mines 8.W. 
towards the stream called Sychant, and thence in an easterly direc- 
tion, an enormous rain-rut revealed at least forty feet thickness 
of angular gravel, with a small percentage of rounded stones, 
which may either have been accumulated by terrestrial agency, or 
speedily washed down the slope by the sea to a level below the 
rounding action of waves, at the time when the sea was depositing 
the gravel and sand on the E. side of Minera mountain. Near the 
summit of the mountain the stones were nearly all angular, and 
continued so until a gentle descent on the E. side of the axial 
ridge (towards and beyond the upper Park lead-mines) showed a 
considerable proportion of rounded stones in clay. On the HE. side 
of the flat swampy area a number of small excavations in one of a 
series of large mounds, 1300 feet above the sea(W. of Higher Wil- 
ford), showed decided indications of much rounded gravel and sand. 
EK. of this mound, at about 1200 feet, other excavations showed 
similar phenomena. W. of Cae-newydd (Cae-mynydd on one-inch 
map) a mound, about 1200 feet, revealed striking indications of its 
consisting of rounded gravel and sand; and W. of it, in the sides 
of a brook-channel, fine gravel might be seen under clay. Further 
S., in the Frondeg district, and above Braich, is the shelly gravel-pit 
described in my last paper *, and the gravel-mound higher up. 8.W. 
of the latter there is a large flattish gravel eminence, and in the 
neighbourhood the flat ground largely consists of rounded stones up 
to 1350 feet. N. of a stream which passes by Erwy cottage, and 
about halfa mile N.N.W. of that cottage, there is a large gravel mound 


* For fear of being accused of exaggerating heights, with the view of 
supporting theories, I underestimated the altitude of this gravel-pit, which 
(from a comparison of neighbouring bench-marks) must be at least 1150 feet 
above the sea. There are several small gravel hillocks at a short distance 
from it. 
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sea, mentioned in my last paper. Through a fear of exaggerating 
heights, I mistook the height of this pit for that of the one higher 
up, until I paced the ground, the result of my last visit being that 
the upper pit (in which I found shell-fragments) is at least 1280 feet 
above the sea. Some distance 8. of Mountain Lodge there is a gravel- 
pit showing very fine sand and rounded stones at the end of a ridge 
which extends a great distance in a westerly direction. §.E. of Moun- 
tain Lodge (as well shown on the 1-inch Ordnance map) there is a 
ridge about one third of a mile in length, which is very steep on the 
western side. So far as can be seen, the summit, which rises to 
1031 feet, is nearly all covered with rounded gravel. At the south 
end the gravel is extra rounded, and the sand finely laminated, 
especially at an elevation of between 900 and 1000 feet. The 
gravel extends some distance down the southern slope of the hill, 
having probably been washed down while the land was rising. 
Lower down the stones are nearly all angular; and this is even the 
case in the bed of Afon Hitha, which flows in an easterly direction 
along the southern base of the hill. Here, and elsewhere in the 
drift-zone under consideration, it is obvious that the streams have 
not yet had time to round the angular stones with which they have 
met in their courses, and that where many rounded stones are 
found in their channels they have been derived from the surrounding 
marine drift. S.S.W. of Afon Hitha, near Ty Rhywyn, the eastern 
part of Bryn Adda Flat (see 6-inch Ordnance map) contains many 
stones more or less rounded. S.W. of Ty Rhywyn a number of 
small grass-covered swellings of the ground above moss, bog, or 
clay show indications of being composed of rounded gravel and 
sand; and the sides of roads and brook-channels show a con- 
siderable percentage of rounded stones. EH. of Ty Rhywyn the 
ground in some places undulates in a similar manner to that which 
further N. has’ been found to consist of rounded gravel and sand. 
Between Bryn-Adda cottage and Hafod there is the largest gravel 
and sand mound to be met with in the whole drift-area. It may 
be seen from a great distance, and from many points of the compass. 
Its height above the sea is nearly 1100 feet. The stones are more or 
less rounded, and the gravel and fine sand stratified*. S.W. of the 
neighbourhood of Hafod, well-rounded, subangular, and angular 
stones may be seen along the side of the stone wall which separates 
the arable from the waste land on the eastern side of the mountain 
called Cefn-y-fedw on the 1-inch Ordnance map ; and many rounded 
stones may be found W.S.W. of Cefn-y-fedw farmhouse, on the dip 
slope of the Carboniferous sandstone, up to within a short distance 
of the brink of the escarpment, where their height above the sea 
must be at least 1300 feet. It is worthy of remark that below the 
1100 contour-line, S.E. of Cefn-y-fedw, the stones down to a 
considerably lower level are strikingly angular. This furnishes 


* Among the stones, local Carboniferous sandstone or grit, and quartz 
or quartzose conglomerate, predominate; but there are also specimens of 
Wenlock grit and slate from the W. or S., and chert probably from the indi- 
rectly local Mountain Limestone. 
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another evidence of a variation in the rate of submergence, the 
rounded stones indicating a more protracted sojourn of the sea than 
the angular stones which, during a rapid subsidence of the land, 
would soon sink beneath the rounding action of waves and shallow 
currents (see last paper, Q. J.G.S. for August 1881, p. 364*). A 
few Eskdale granite pebbles have found their way as far S. as 
Bryn Adda flat, 8.W. of which I searched for them in vain 7. 


TV. PRoBABLE ORIGIN OF DRIFT-KNOLLS. 


Before entering on this subject it may be necessary to state. that 
the drift-area under notice is, in transverse section, a slope con- 
sisting of an alternation of flat and undulating ground. There is 
no appearance of a terraced configuration like that of the “ raised 
beaches” of the W. of Scotland, which must have resulted from 
pauses or intervals of rest between successive upward movements of 
the land above the sea. It ought likewise to be stated that it is 
difficult, if not impossible, to make out the precise order of succes- 
sion of the deposits. In many places the rounded gravel and sand 
would appear to graduate on the same horizon into clay with 
angular stones; but in most places it evidently comes under the 
clay. So far as can be seen in sections, the clay chiefly occupies 
hollows (excepting in the extensive clay flat between the gravel 
knolls and the axial ridge), around which it appears to thin out 
towards the summit of the gravel and sand knolls, where it is only 
represented by a sprinkling of loam, with local angular stones 
(including large blocks), which are every year becoming scarcer 
through being utilized in stone walls. In trying to account for the 
origin of the knolls, the following possible explanations may be 
briefly taken into consideration :— 

1. EHaposed portions of Gravel and Sand elsewhere concealed wnder 
Clay ?—Though at first sight this theory might appear satisfactory, 
a little consideration will show that it is more a statement of a fact 
than an explanation, because it does not account for the steep- 
sidedness of the knolls, or for their frequent occurrence in more or 
less perched positions. 

2. Heaps of erratic stones precipitated from floating Ice ?—As 
most of the stones in the knolls are local, or indirectly local, floating 
ice carrying stones from a great distance, and dropping them on 
breaking up or stranding, would not account for the existence of the 
knolls, though it is conceivable that local floating-ice, on becoming 
charged with local and previously deposited erratic stones, might 
have formed at least some of the smaller and irregularly-shaped 
knolls. 


* The semicolon in line 4 from the top, p. 365, should be a comma. 

+ There are, however, some large Arenig boulders which probably found 
their way from the W. over the Eglwyseg escarpment. It would appear that 
the northern drift current (at a height of more than 1000 feet above the 
present sea-level) must have terminated before reaching as far south as Llangollen 
Vale, though a few straggling northern erratics may yet possibly be found 
further south. 
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3. Forced wp by the grounding of floating Ice ?—It is obvious that 
floating ice, either local or from a distance, on being intercepted by 
rising ground, might have forced up previously deposited gravel and 
sand, and at the same time contributed its load of stones, so as to 
leave a knoll-shaped elevation *. 

4, Accumulated by currents ?—It is the general belief of geologists 
that the Irish eskers were piled up by currents in ashallow sea; and 
the same agency, in all probability, accumulated the mounds of gravel 
and sand often seen at low levels in the N.W. of England and E. of 
Walesf. As an example of conditions which may have been favour- 
able to accumulation by currents in the area under consideration, 
it may be stated that when the sea, through the sinking of the land, 
reached a height of what is now 1250 feet above its present surface- 
level, its depth must have been about 100 feet at what is now the 
level of the Frondeg shelly gravel knoll, so as to leave a vertical 
range of 100 feet for the play of currents along shore or in other 
directions t+. In many of the knolls there are clear traces of 
current-bedding, while the paucity of well-striated stones and of 
contorted lamine would seem to militate against the idea of the 
knolls haying been accumulated by the stranding of floating ice. 
It ought likewise to be remembered that many of the larger knolls 
(N.W. of Erwy and Mountain Lodge, for instance) are situated in 
depressions with rising ground on the N. side, or on the side from 
which the erratic-laden ice must have floated ; in other words, they 
occur in positions in which they might have been left by currents 
but not by stranding ice. 

5. Eeasons why they often occupy Perched Positions —Among 
these reasons may be mentioned the possible tendency of the rising 
ground on which they now stand (when it was under the sea) to 
intercept currents and floating ice so as to cause an accumulation of 
gravel and sand. The perched, or comparatively perched, knolls 
are chiefly to be found in the Frondeg district towards the north end 
of Minera Mountain, where it is possible, if not probable, that the 
large knolls situated W. and N.W. of Cae-newydd (or Cae-mynydd) 
were accumulated round rocky nuclei. ‘The great Hafod knoll 
towards the south end of the drift-area may be said to occupy a semi- 
perched position, the ground only rising from it in a northerly 
direction §. In concluding this part of;the subject it may be re- 
marked that the occurrence of drift-knolls in perched positions is 
incompatible with the idea of their freshwater origin (even if they 


* In the Arctic regions the stranding of floating ice on sea-beaches forces up 
the shingle into ridges and hummocks. 

t Notably around Ellesmere, Shropshire. 

t It may likewise be remarked that the sea-bed in an easterly direction must 
then have deepened much more suddenly, and to a much greater extent, than 
is now the case around the shores of England and Wales. When the sea-level 
coincided with what is now the 1260 feet contour-line, its depth over the site 
of the railway between Wrexham and Ruabon must have been nearly 1000 
feet. 

§ As this knoll is situated on a slope facing ae south, it cannot be explained 
by the stranding of ice. 
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contained no marine fossils), because fresh water would tend to flow 
From, and not to, the rising ground on which they are situated *. 


V. Drirtizss ArnEas In Norta WALEs. 


The term “ driftless” (which I have used for the sake of brevity) 
is here intended to apply to those districts in which I have not yet 
seen any decided instances of rounded gravel and stratified sand at 
levels higher than the 1000 feet contour-line. 

1. South and North of Pont Fadog.—The discovery of high-level 
marine drifts on the eastern borders of the Welsh mountains N. of 
Llangollen Vale naturally excited an expectation that similar drifts 
might be found 8. of the Vale (an expectation, however, which was 
not realized). On ascending from Pont Fadog (about 34 miles W. 
of Chirk railway-station), and walking in a southerly direction over 
the plateau between the lime-kilns and Gwernydd-gymal ‘, though 
the ground in many places was covered with numerous fragments 
of Silurian and Carboniferous grit and limestone, I could not find a 
single instance of even an approximately rounded stone or of stra- 
tified sand. Several so-called gravel-pits (two of them west of Plas- 
crogen) are marked on the 6-inch Ordnance map; but they all con- 
sist of perfectly angular stones, and sand arising from the mere 
disintegration of the sandstone rock in situ. From what I saw on 
former occasions of the westerly continuation of this plateau as far as 
the New Inn (at the great bend of the river Ceiriog), I have reason 
to believe that the whole of it, or almost the whole of it, is free 
from marine drift. Neither have I seen high-level marine drift 
further south. On ascending the northern slope of the Ceiriog valley, 
the rounded stones seen at or near to the bottom of the valley 
speedily disappeared, and none but strikingly angular stones could 
be found the whole way up to the summit of the ridge, and down 
the north side, in the direction of Llangollen, until a level of about 
400 feet above the sea was reached. Kven at that comparatively 
low level the drift presented a more or less “ pell-mell” appearance, 
though in other parts of the Dee valley, up to a considerable height, 
well-rounded shingle and stratified sand may be seen +. 


* Tt ought likewise to be stated that while the general form of the ground is 
undoubtedly preglacial, the shape of the drift-knolls presents little or no ap- 
pearance of haying been modified by subaérial agency since the time they were 
left by the sea. This might be expected, not only from their proximity to the 
summit of the mountain-ridge, but (in the northern part of the area) from their 
being on the border of an extensive covering of peat, which absorbs most of the 
rainfall, the remainder supplying a few small streams which have made chan- 
nels showing sections of the clay and gravel from 1 to 2 feet in depth. There 
is reason for believing that in the greater part of the area the denudation is 
chiefly subterranean, the rain-water finding its way down to the underlying 
Carboniferous limestone. It is not generally known that under Minera Moun- 
tain there is one of the largest (if not the largest) of the subterranean rivers in 
Britain. 

t The average level of the part of the plateau I went over may be about 
1150 feet above the sea. 

{ It ought to be stated that large boulders which have been drifted from the 
Arenig Mountains in an easterly direction are common on the high ground 


192 D. MACKINTOSH ON HIGH-LEVEL 


2. Ty-Cerrig Area.—Though I had previously gone over this area 
many times, I thought it desirable to make sure that it was free 
from undoubted marine drift. S.W. of T'y-cerrig farm-house (above 
Berwyn railway station) a series of terraces rise one above another 
on the northern slope of a hill. From a distance they present a 
very striking appearance, and might easily be regarded as raised 
sea-beaches. From late observations, however, I have been led to 
question their marine origin; for rounded stones are comparatively 
rare, though they are not altogether absent. It is at the same time 
difficult to understand how the chemical action of the atmosphere 
on Silurian shale or grit can have carved out these terraces, seeing 
that they mainly consist of loam, with many angular stones; while 
the mechanical action of rain-water could not have arranged the 
loam and stones in a series of nearly horizontal shelves. At present 
rain-torrents appear to be chiefly occupied in making transverse 
breaches in the terraces. In connexion with the main subject of 
this paper they are worthy of notice on account of their levels 
roughly corresponding with those of the undoubted sea- margins 
already described ; in other words, they range from about 1100 to 
1300 feet above the present sea-level. 

3. Moelfre-uchaf and Frithog Area.—North of Frondeg (south of 
Minera), and along the outer slopes of the Welsh mountains as far as 
the Vale of Clwyd, I have seen no marine drift above the 1000 feet 
contour-line. There would appear to be a similar absence of high- 
level marine drift along the outer slopes of the mountains between 
the Vales of Clwyd and Conway, as well as on the sides of the Vale 
of Conway. South of Llandulas Moelfre-uchaf rises to 1300 feet ; but 
on its northern slopes and flats, as well as on those of the moun- 
tain east of it, and in the pass between the two mountains, I could 
not find any approach to rounded gravel, though there were nume- 
rous fragments of Wenlock grit and shale, which might have been 
readily rounded by sea-waves. It is likewise worthy of remark 
that at the lower levels between Moelfre-uchaf and the sea-coast I 
could see or hear of no very decided instances of well-rounded gravel 
and stratified sand, excepting on the ridge south of Llandulas railway- 
station, where Mr. John Price of Chester a short time ago discovered 
an extensive deposit, with sea-shells, at a height of probably about 
500 feet above the sea-level. This deposit I did not see, as I was bent 
on discovering /igh-level marine drifts. On the plateau east of 
Llanrwst, called Frithog on the 1-inch Ordnance maps, at heights 
of between 1000 feet and 1300 feet, I could find very few rounded 
stones, though in many places there were large expanses of angular 
débris underlying or horizontally alternating with Boulder-clay. On 
the opposite or Snowdon side of the Vale of Conway I have seen 
no decided instance of high-level marine drift, though in the neigh- 
bourhood of Llyn-dulyn many blunted or partly rounded stones 
may be seen in moraine heaps. 


between the valleys of the Ceiriog and the Dee, while in the latter valley they 
are numerous, and in the former sparingly distributed. 
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4, North-central Wales.—At levels above 1000 feet on the moun- 
tain-slopes or plateaux bordering the valley of the Dee, between 
Llangollen and Bala, I have not yet seen any deposits consisting of 
well-rounded gravel and stratified sand. The occurrence, however, of 
such deposits on watersheds nearly, if not quite, 600 feet above the 
sea, would appear to show that the sea at one time must have been 
present in the Dee valley. Mr. Ruddy (who is intimately acquainted 
with the area between Corwen and Bala) informs me that there are 
several extensive dome-shaped deposits of regularly stratified gravel 
and sand at an elevation of about 700 feet, and that on the east side 
of the great Arenig mountain there is a remarkable deposit of small 
rounded pebbles and sand at an elevation of not less than 1000 feet 
above the sea. 

Causes of Drifiless Areas.—With regard to the areas 8. and N. of 
Pont Fadog, N. and N.W. of Minera, and the Moelfre-uchaf and 
Frithog areas, two theories might be proposed as an explanation, 
(1) the occupation of the areas by land-ice, which blocked out the 
sea, and (2) the non-exposure of the areas to tempestuous seas, or seas 
capable of rounding stones within the period during which the land 
stood at the required level. The advocates of land-ice might appeal 
to ice-capped islands surrounded by deep water (such as those in 
the Franz Josef Land group) as modern “ analogues” of what may 
possibly have been the condition of Moelfre-uchaf and other Welsh 
mountains during some part of the glacial period. With regard to 
North-central Wales, the comparatively land-locked position of the 
district may have prevented it from being much exposed to tempes- 
tuous seas, or land-ice may have capped the mountains down to the 
level of the lower boundary of the marine drifts of the outer slopes, 
while the sea may have found its way up what is now the valley of 
the Dee, but then a fiord, so as to accumulate the gravel and sand 
above noticed. In connexion with this subject it may be remarked 
that the interior of the southern part of the Penine Hills is almost 
entirely free from rounded gravel and sand. Mr. John Aitken (if I 
understand him correctly) believes that there the sea was blocked 
out by snow and ice. Both areas (the north Welsh central and 
the southern Penine) likewise agree in being almost entirely free 
from erratic stones *. 


VI. BovnpErs anD Drirts on Mort Wwyron. 


My first search for erratic stones on this mountain (which is 
situated near Aber, North Wales) was unsuccessful; but during 
two ascents in last August and September (1881), I found five 
specimens of granite, including a small boulder and a pebble, a short 
distance below the summit, and three boulders in the cairn, on the 
summit, the height of which is 1905 feet above the sea-level. ‘To 
make sure that the latter had not been carried up hill (a cireum- 


* T lately found a rounded chalk-flint on the N.W. side of Bala lake; and 
Professor Green, many years ago, informed me that he had found granite in 
the Wye valley, near Buxton ; and I once saw a small granite boulder in Cas- 
tleton, which had been dug up from a considerable depth in the churchyard. 


194 D. MACKINTOSH ON HIGH-LEVEL 


stance in itself extremely unlikely) I wrote to Mr. John Parry, 
parish clerk of Aber, who, being a very old man, was able to assure 
me that the stones composing the cairn were all gathered from the 
flat summit of the mountain, none of them having come from a 
greater distance than fifty yards. Though some of the specimens 
somewhat resembled Mourne-mountain granite (chips of which had 
been kindly sent to me by Professor Hull), I believe that most if 
not all of them came from Scotland. I was sufficiently familiar 
with Eskdale granite in situ to be convinced that none of them came 
from that quarter. 

Were the Boulders transported by Glaciers or Floating Ice ?—A 
little consideration will show that the granite could not have been 
brought to Moel Wnion from Scotland by land-ice if Cumberland 
at the same time sent off glaciers W.S.W. over the Isle of Man and 
(according to Professor Ramsay) 8.8.W. over Anglesey, unless we 
can believe that the Scotch glacier, on its way 8. to Moel Wnion, 
crossed the Cumberland glaciers on their way to the Isle of Man 
and Anglesey, a feat which is clearly beyond the power of glaciers 
to perform. To the objection that the glaciers may not have flowed 
in the above directions at the same time, it may be answered that 
the south of Scotland and Cumberland are situated too near to each 
other to admit of the supposition that they were glaciated at different 
periods. That land-ice from the south of Scotland could not have 
brought the Moel-Wnion granite boulders is in accordance with 
statements made by Ramsay in the Quart. Journ. Geol. Soc. vol. 
xxxi. p. 118, to the effect that the land-ice from the N.W. slopes 
of the Snowdon group of mountains never quite reached the region 
now occupied by the Menai Strait, but spread along the seaward 
slopes of Moel Wnion, and across the mouth of the Aber valley 
towards Penmaenmawr. In this case the stream of land-ice from 
Snowdon would have protected Moel Wnion from any stream 
flowing from the north. It may therefore be regarded as almost, if 
not quite, certain that the granite boulders on the summit of Moel 
Wnion (1900 feet above the present sea-level) were brought by 
floating ice when the mountain was completely submerged; and 
this accords with the level at which Arenig boulders are found in 
the neighbourhood of the valley of the Dee, where I have seen none 
higher up than about 1900 feet*. 

From the directions of numerous striz along the coast of North 
Wales, as ascertained by Mr. Strahan, of H. M. Geological Survey, 
it is obvious that the mountainous part of the country was never 
invaded by land-ice from Scotland or Cumberland. 


VII. Summary or Facts AND INFERENCES. 


In speculating on the origin of the high-level marine drifts de- 
scribed in this and in previous papers, the following facts and infer- 
ences ought to be duly taken into consideration :— 

* It does not, however, necessarily follow that North Wales may not have 


been submerged to a still greater vertical extent during some part of the glacial 
period. 
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1. High-level marine drifts, in addition to directly local stones 
and stones from neighbouring areas, consist to a greater or less 
extent of far-travelled erratic stones, while in none of them are the 
stones entirely local. 

2. The stones are generally much rounded, and that frequently 
over large areas. 

3. All the great drift-areas contain a considerable, and some of 
them a large percentage of granite, especially Eskdale granite, 
which is at least partly owing to the extent to which the Eskdale 
area is covered with granite fragments and pebbles in positions 
favourable to removal by floating ice. 

4. All the great drift areas (so far as yet known) are situated on 
or towards the outer slopes of mountain districts. 

5. In the interior of mountain districts high-level drifts are either 
absent or limited to patches. 

6. The drift-areas are more or less bounded above and below, as 
well as longitudinally, by areas in which the stones are angular or 
subangular. 

7. None of them are situated further south than latitudes in which 
both land ice and floating ice may at one time have existed. 

8. In all the areas there is a tendency to a knoll-shaped con- 
figuration, and in a greater or less number of instances a tendency 
in the knolls to occupy perched positions. | 

9. The gravel and sand generally contains very few large 
boulders; but the latter are common in and on the surface of the 
clay, which generally overlies, but in many instances graduates (on 
the same horizon) into gravel and sand. 

10. The shells found in the drift are almost universally frag- 
mentary, and that often, if not generally, in proportion to the 
roundness of the associated stones. They are likewise often con- 
fined to particular spots, as if elsewhere they had never been present, 
or had been destroyed by the stranding of floating ice, as is the case 
on many Arctic sea-shores at the present day. 

11. The idea of shell-fragments having been pushed up hill along 
with portions of existing sea-beds is opposed by so many facts as to 
render it altogether untenable. 

12. The extent to which the form of the ground has been pre- 
served since the close of the great submergence can only be explained 
by supposing that either the time which has elapsed since that 
event, or the rate of subaérial denudation during that time, has 
been overestimated ; in other words, the denudation must have been 
slow in proportion to the length of time in order to account for the 
little-altered surface-configuration of the drift-areas described in 
this and in my former paper*. 


* In these areas there is an absence of the kind of gravel which a glacier 
would have brought along with shells from the preglacial bed of the Irish 
sea. 
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Discussion. 


Prof. Hueuus thought that the drifts of Derwen and Moel Uchaf 
were to be distinguished from those of the Minera region. The 
former were in the Bala lake-trough; and striations showed that 
there were local peculiarities in the glacial phenomena. He 
thought that the terraces mentioned by the author were connected 
with a ponding back of the Clwyd. ‘The marine drift ran up the 


- Klwy valley far from the sea. The Minera drifts were obviously 


a coast-deposit. The shells in these beds could not have existed 
when land-ice came down to the sea from the great mountain 
districts. Flints were always present, iron-stained, as if derived 
from flint-gravel. He thought it would be worth calculating the 
percentage of flints in the gravels, tracing them from this district 
to E. and N.E. He regarded these deposits as postglacial, and 
thought there was a period of great ice-extension, then of a melting- 
back of the local ice during submergence, and that these Minera 
drifts were the result of the winnowing of the Boulder-clay. 
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19. AnALysEs of FIVE Rocks from the CHARNwoop-Forzsr District. 
By E. E. Berry, Esq. Communicated, with Notes, by Prof. 
T. G. Bonney, M.A., F.R.S., Sec.G.8. (Read December 21, 
1881.) 


Tue following analyses, undertaken by the author at the request of 
Prof. Bonney, may have, it is hoped, an interest not only of them- 
selves, but also when viewed in connexion with the remarks pre- 
viously made upon the rocks by Messrs. Hill and Bonney in com- 
munications already presented to the Society :— 


(1) Hornblendie Granite of Mount Sorrel. 


5 Tw oe eal det oe ales a Nat we Nee a ie 69°94 
He ae 10°82 
on 19 87 Caged Ceres Cap gC. Ch oS Pere | 9-05 
1,101 ete ie Da ce ala a a trace 
Cap eee ete ee eee Seal 
1 EA se ea 2 el SR 1°38 
Lo gaged a VRRP Nn a A 3°82 
EOP. rare: £32 
A) ea Rb hae Sy a re ace ol a ma 130 

Potale See AY 4 100-84 


Pe See RHES Sotog et PD? ted ote | 56°78 
FeO, ] aoe 18°31 
ALO. f PSN pec, ihe ite aor eal Dee { 9-49 
iL) Si a iO aad Beet ee trace 
(Eg) EN oe ian ie tee SR et 6°94 
ay She ene a is? 5.5 SAM eee Be 2-71 
ithe Agel tf aoa a ea tae a 2°42 
Lis Joe 2) anny ole AP 2-73 
LL Ul oA a Ae een a eel 1:10 
2 L(G 52 gel ein ate 2 100°98 


This rock may be taken as a typical example of the coarser 
variety of the southern syenites. The analysis confirms our remark, 
that they are “somewhat intermediate between typical quartz- 
syenites and quartz-diorites.” The percentage of silica, however, is 
very slightly lower than we should have anticipated from our micro- 
scopic examination. (T.G. B.) 


* The iron in all these rocks has been estimated as ferric oxide. 

¥ This rock, as well as the Syenite from Markfield (No. 2) and the “ porphy- 
roid” of Sharpley (No. 5), contains a small quantity of phosphoric acid, which 
has not been estimated or separated from the alumina. 
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(3) Syenite from Garendon Quarry *. 


BO oa cs ee 51-54 
mog eee ee 26-83 
A10 i LMM LURES £95 
Mas fee ee mee 
(Ge @ Bane MMe Dias mW al ons aie Cae a Me 9:92 
Mg0 sgt. GRR CH igen” YER ie 4 15 
TNO eee, Ce PCE ea 

aL NN ARR. 08 Hosen 101-37 


This is a fairly typical specimen of the ‘“‘ northern syenites.” While 
leaving these still classed with the syenites and maintaining their 
petrological relations with the southern group, we called attention 
to their apparently more basic character and closer relations with 
the diorites. This conclusion, formed after examination with the 
microscope, is fully confirmed by the above analysis. The amount 
of Al,O, seems exceptionally low, as that of Fe,O, is high. The 
author, indeed, informed me that he was not quite satisfied with the 
results of the method which he had adopted for separating the one 
from the other. (T.G. B.) 


(4) Syenite from Huncote Quarry, Croft Hill. 


RD pa Pann pe kce Seine OR nano elem 64°30 
vee ) Q0-G4 critter tt tteess nee 
MnO EE he Ae: vin is Mee ee eae trace 
MAD. a eee sek ta case eg a a 3°98 
Be UB ac Sah cael a ae Nae cree tee Oe ee 
We OS ae a eee 
1S sO Meee pee cienee tek nii eh 1°60 

MQUEL t uate le ees sateen ce ae 100°85 


The rock of Croft Hill is a representative of the dominant type 
in the outlying district in the vicinity of Narborough. It is hardly 
to be distinguished from that of Enderby, in the N.E., and is closely 
allied to that of the Sapcote massif, on the 8.W. It differs some- 
what from the rock of Barrow Hill, to the west, and that near 
Narborough village, to the E.N.E. We remarked upon its general 
relations to the finer variety of the southern syenites of Charnwood, 
perferring to connect it with these rather than with the Warwick- 
shire diorites. This is borne out by the analysis, though the differ- 
ence in the percentage of SiO, is a little greater than we should 


* nis rock and the “ porphyroid” of Sharpley (No. 5) were dried before the 
analyses were made; and the amount of water present was not determined. 
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have expected. The Croft Hill rock thus appears to be intermediate 


between the “‘ southern syenites” of the Forest and the Hornblendic 
granite of Mount Sorrel, on its eastern margin. (T.G. B.) 


(5) The “ Porphyroid” of Sharpley. 


SO NAPE MMERPIME ren AA snes ef nc eh 67:96 
Fe,O Ep Te) ile ea tea ee 10°60 
Al. } aoe | wel PEC be 14:87 
MO ig gies Sg RO ERE Sisy anager ee trace. 
MIO) SS nc patel nee Rae arn trace 
Oe conidgnat ne ee eee ae Mees eRe 1:69 
1h GG pad le a yeah ae of DIR Po 
Te i chet bat vata at Gee ead se trace, 
17 ai ce Mellor bea a et wala oe 5:07 
MOU ev are severe ec etre. 101-29 
This rock is very fully discussed in our third communication 


! (vol. xxxvi. pp. 342-345), in which we come to the conclusion that 
it is probably an altered volcanic tuff. The amount of silica is 
distinctly lower than in the rock which occurs in fragments in the 
agelomerates of this neighbourhood, which gave a percentage of 
about 77°7. The rather variable quantity of free quartz in both may, 
however, account for the discrepancy. We are surprised at the 
| great predominance of Na,O over K,O; for we certainly recognized 
orthoclase, as well as a plagioclastic felspar among those present in 
the Sharpley rock. 

The results of the above analyses accord (except in this last 
respect) as nearly as could be expected with those deduced from 
microscopic examination, and are therefore of interest as confirm- 
ing the utility of that method of investigation. (T.G. B.) 


Q.J.G.8. No. 150. p 
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20. On a Proposed Devono-Siturran Formation. By Professor 
Epwarp Hv, LL.D., F.R.S., F.G.8., &c., Director of the Geo- 
logical Survey of Ireland. (Read January 11, 1882.) 


Tue beds which I propose to group under the above title are found 
at various parts of the British Isles, and only to a slight extent, if 
at all, in Belgium and France*. The formation is therefore emi- 
nently British, and goes by various local names where it occurs. 
But it seems desirable that the relations of these detached groups to 
each other should be more clearly defined than has hitherto been 
done—and also that one definite term should be applied to designa- 
nate them, such as that I have ventured to place at the head of this 
paper f. 

I shall commence by the admission that the coining of new names 
is objectionable, and is not agreeable to my own inclinations. But 
in this case, at least, it seems unavoidable, because, where there 
are several competitors for the honour of giving a name to a large 
and distinguished family of rocks, with apparently equal claims, the 
simplest solution of the difficulty of choice seems to be to select a 
name which belongs to none of the candidates, but which will 
serve to designate the social standing of them all. The term “ De- 
vono-Silurian,” as it seems to me, meets the case, as it indicates 
that the disconnected groups of strata which I propose to include 
under it lie at the margin of the two great formations—the Devo- 
nian on the one hand and the Silurian on the other. They form, in 
fact, the connecting links between the two series, though generally 
found dissociated from one or other of their neighbouring formations. 

I shall commence by indicating the British localities for repre- 
sentatives of the Devono-Silurian formation, and give at the same 
time a description of their characters and stratigraphical position. 
Fortunately, this need only be brief, as each locality has already . 
received no small amount of attention from previous writers. 

Only one Old Red Sandstone.—Let. me here clear the ground for 
my proposal by endeavouring to dispel from the minds of British 
geologists the idea that there are two formations entitled to be called 
respectively ‘“‘ Upper” and ‘“‘ Lower” Old Red Sandstone. Until 
recently I was myself under this impression ; and the doctrine being 
upheld by many high authorities, [ clung to it tenaciously till I 
went through the process of disenchantment which was brought 
about by my visits to Belgium and Devonshire in 1879. The re- 
sults of these visits have already been published ¢ ; and not the least 
important to myself was that by which I discovered that there is 


* Posted, p. 203.—It is possible that in America these beds may be repre- 
sented by the lower portion of the “‘Gaspé Sandstones ” with plants. 

+ This term I adopted when drawing up Tables of the Devonian and Car- 
boniferous systems for the British Committee of the International Geological 
Congress, to be held at Bologna this year. 

t Quart. Journ. Geol. Soc. May 1880, p. 255. 
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only one ‘“‘ Old Red Sandstone” properly so called, and that this lies 
at the top of the Devonian, and immediately below the base of the 
Carboniferous, series. It is in fact the upper arenaceous portion of 
the Upper Devonian division. All other so-called ‘‘Old Red Sandstone” 
formations are representatives either of the Middle and LowerDevonian 
beds or of those whichI propose to call ‘‘ Devono-Silurian”’ beds, lying 
on the confines of the two great groups each of which bears one of 
these names. Let it be stated once for all that the only formation 
entitled to the name of “ Old Red Sandstone” is that which, com- 
posed essentially of arenaceous materials, and lying immediately below 
the base of the Carboniferous series of England and Wales, Ireland, 
Scotland, and the continent, is known and described as follows :— 


LocaLities OF THE *“ OLp Rep SANDSTONE,” PROPERLY SO CALLED, 


(a) Continental.—The Psamnutes du Condroz (Lower division of 
M. Gosselet). An important series of grey and reddish sandstones, 
grits, and subordinate bands of shale, of which the upper part seems 
to graduate into the Carboniferous beds, the lower to be connected 
with the Upper Devonian series. These beds are largely developed 
in Belgium, and are of marine origin *. 

(b) Devonshire.—The Pickwell-Down Sandstone of North Devon, 
surmounted by the “ Upcot Flags ” (= Kiltorcan beds). An important 
series of sandstones and grits, grey below, red and purple above, 
lying below the base of the Carboniferous series (the Baggy and 
Marwood beds with Cucullea and Adiantites), and above the ‘‘ Mort- 
hoe slates. Mr. Champernowne has identified this sandstone in 
South Devon. 

The view that the Pickwell-Down Sandstone is the true repre- 
sentative of the Old Red Sandstone of the South of Ireland has re- 
ceived the sanction of the President of the Geological Society in his 
recent elaborate address 7. 

(c) South Wales and Hereford §¢.—-Yellow Sandstone and Con- 
glomerate of De la Beche. A thick series of yellow grits, sand- 
stones, and conglomerate beds, lying immediately below the “‘ Lower 
Limestone shale,’ and above the great series of red sandstones and 
marls with ‘‘ Cornstones” (Estuarine Devonian). These beds are 
undoubtedly in the position of the Pickwell-Down Sandstone south 
of the Bristol Channel, and ought to be separated in geological maps 
from the underlying beds, which represent the Devonian series of the 
same district. 

(d) Ireland.—Grey, yellow, and reddish flagstones and shales, 
with fishes, also with Anodonta Jukesw and plants (Adiantites hiber- 
micus) &c. (Kiltorcan beds), passing down into red sandstone and 
conglomerate at base, everywhere unconformable to the beds on 
which they rest, as shown by Sir R. Griffith. In thickness from 


* These beds have also yielded plants, and amongst others “ Pa/copteris (Adi- 
antites) hibernica” (Mourlon, ‘ Géol. de la Belgique,’ p. 88). 

+ Quart. Journ. Geol. Soc. vol. xxxvii. p. 192. In the flagstones at the top of 
these beds the Adiantites has been found, asstated by Mr. Etheridge, who does 
not yet despair of finding Anodonta, May this hope be realized! 
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2000 to 3000 feet, but (owing to overlapping of the Carboniferous 
beds) sometimes entirely wanting in the south-west of Ireland *. 

In the north of Ireland these beds are represented in the Curlew 
Hills and along the north shore of Clew Bay, &c. 

(e) Scotland.—At the base in Haddingtonshire and Berwickshire 
it consists of a lower portion of brecciated conglomerate, and of an 
upper series of red sandstones and marls, containing Cyclopteris 
(Paleopteris), Bothriolepis, &c., passing into the base of the Calci- 
ferous Sandstone series. To these upper beds the Dura-Den sand- 
stone with fishes belongs ; it is probably on the horizon of the 
Kiltorcan beds of Ireland. 

All the above beds are, I believe, representative in time of each 
other and of the true Old Red Sandstone, and precede the lowest 
Carboniferous strata, which are essentially of marine origint. The 
fish-remains from the beds of this group are different in the main 
from those of the (so-called) Lower Old Red Sandstone of Scotland ; 
and, according to Mr. Etheridge, no genera or species of fish pass 
into the Carboniferous bedst. Their lacustrine origin is attested 
by the presence of Anodonta both in the south of Ireland and (as 
Prof. Lebour has shown) at the base of the Lower Carboniferous 
sandstones of Northumberland. On the other hand, the lacustrine 
conditions of the British Isles seem to have given place to those of a 
pelagic character over the Continental area adjoining. 

Having thus endeavoured to show what beds properly represent 
the Old Red Sandstone, and their true position in the geological 
series, I proceed to describe briefly those referable to the formation 
I propose to call <* Devyono-Silurian.” 


LocaLITIEs oF THE Drvono-SitvuRIAN ForMATION. 


As already stated, the strata represented by the above title lie at 
the confines of the two great groups bearing these names respectively. 
Though they are in some places known by the name of “ Old 
Red Sandstone,” with or without the prefix of “ Lower,” they are in 
reality separated by a wide interval of geological time from the Old 
Red Sandstone properly so called. This interval (as I have shown 
in papers already published) finds its record in the Lower, Middle, 
and partly in the Upper Devonian series—that is to say, in all those 
marine strata which in Devonshire lie between the “ Pickwell- 
Down Sandstone” above and the “ Foreland Grits and Slates” be- 
low, containing 195 genera and 544 species of marine forms, of 
which only 32 genera and 51 species pass into the Carboniferous 
group §. I mention this on the authority of Mr. Etheridge, in 

* Proc. Royal Dublin Soe. vol. i. new ser. (1880), pp. 185-159. 

t Quart. Journ. Geol. Soc. vol. xxxili. p. 616 &¢. Iam uncertain whether these 
beds may not include a portion of the Lower Calciferous Sandstone of the Clyde, 
which is not unlike the Old Red Sandstone of the Curlew Hills &e. in Ireland. 

+ Anniversary Address. Quart. Journ. Geol. Soc. vol. xxxvii. p. 195. 
Coccosteus is the most abundant of the fishes from the Kiltorcan beds of 


Ireland. 
-§ Etheridge, Quart. Journ. Geol. Soc. vol. xxxvii. p. 197. As Mr. Etheridge 
has, in his Presidential Address, given his sanction to the views I have put for- 
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order to show what a wide interval of time separates the beds 
usually called “‘ Upper” and “Lower” Old Red Sandstone. The 
grouping together under the same name of two sets of strata actually 
separated by a whole formation of such importance as the Devonian 
has no parallel in geological nomenclature, and can only be a source 
of confusion to the mind when endeavouring to grasp the order of 
succession of geological periods. It is time, therefore, that we 
should adopt some designation that will in itself exclude the idea of 
association. 


I shall now enumerate the localities for these beds in the same 
order as that adopted for the beds of the Old Red Sandstone, com- 
mencing with the Continent. 


LocALITIES OF THE DEVONO-SILURIAN FORMATION. 


(a) Continental—Owing to the hiatus, or discordancy, which 
exists in Belgium and France at the base of the Devonian series, 
there are no passage-beds into the Upper Silurian, which is generally 
altogether absent; and the Devonian beds, with conglomerates at 
different geological horizons, rest on an old shelving shore of Lower 
Silurian or Cambrian grits and schists*. It is probable, however, 
that the Devono-Silurian series may be represented by the lower 
part of the “Systeme gedinnien” (in part) of Dumont, or the 
“¢ Couches de Gedinne” of Gosselet. 

(6) Devonshire—This formation is represented by the Foreland 
grits and slates lying below the Lynton slates and limestones with 
Lower-Devonian fossils, which are largely distinctive. In former 
papers I have assumed, from considerations stated at length, that 
these beds represent both the Glengariff Grits and Slates of Ireland 
and the “passage-beds”’ of South Wales and Hereford—a view origi- 
nally suggested by Professor Jukes, and supported in his recent 
Presidential Address by Mr. Etheridgey. These beds consist of 
hard, massive, red, purple, and grey grits, sometimes conglomeratic, 
and with irregular bands of slate. Their base is invisible, being 
covered by the waters of the Severn. They are separated from the 
Old Red Sandstone by several thousand feet of strata, composed of 
the Lynton, Hangman, Ilfracombe, and Morthoe groups. Their 
only fossils are Fucoids and Annelid-markings or burrows ; and they 
are laid open in sections of the coast near Lynton and Minehead ¢. 
From their position below the base of the whole Devonian series, 
as well as on general grounds, we are warranted in assuming that 
these beds form the connecting link between the Devonian and 
Silurian series §. 


ward regarding the representative strata of Devonshire and other parts of the 
British Islands, it is scarcely necessary for me any further to insist on them here. 

* Mourlon, ‘ Géol. de la Belgique,’ pp. 31 & 51. 

+ Quart. Journ. Geol. Soe. vol. xxxvii. 

{ Lbed. vol. xxxvii. p. 196; also Proc. Roy. Dublin Soc. vol. i. New Series, 
pp. 136-38. 

§ The position of these beds is very well represented on Mr. Ussher’s Geo- 
logical Map of Devonshire, which was exhibited at the Meeting of the British 
Association at York (Section C). ; 
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(c) South Wales, Hereford, Sc. (Welsh Borders).—The beds re- 
ferable to this group in the district north of the Severn and border- 
ing the Wye, in which Murchison first established his Upper Silurian 
divisions, may be supposed to embrace all those lying above the 
Upper Ludlow Bone-bed extending into the lower beds of the so-called 
“Old Red Sandstone.” The Downton Sandstone and rocks of the 
ridge of the Trichrag may be included in this series. 

The formation is here thin and unimportant as compared with its 
representatives in Ireland and Scotland, owing probably to the shal- 
low state of the sea-bed over which it was formed, as shown by the 
contents of the Upper Ludlow Bone-bed itself. 

It is in this district alone that we have an uninterrupted and con- 
formable succession, from the Upper Silurian series into the repre- 
sentatives of the Devonian, visibly displayed; and here we are met 
by another source of confusion in our geological nomenclature, 
because these representatives of the Devonian series are also called 
**Old Red Sandstone,” a name which has been applied to them 
mainly in consequence of their prevalent red colouring, but also 
from the idea that they represent the “‘ (Lower) Old Red Sandstone ” 
of other districts. Thusit comes to pass that in the British Isles we 
have been accustomed to call three sets of strata, occupying three 
distinct geological horizons, by the favourite name of ‘Old Red 
Sandstone.” Let me here name them once and for all :— 


Ist. The (Upper) Old Red Sandstone, representing, in fact, the 
Upper Devonian series in part. 

2nd. ‘The Old Red Sandstone” of Hereford and South Wales, 
representing the Middle and Lower Devonian beds of Devon- 
shire and the continent. 

ord. “ The (Lower) Old Red Sandstone” of Scotland and parts of 
Ireland, representing the Passage-beds into the Upper Silurian 
series, or, as I now propose to call them, the Devono-Silurian 
beds. 


Now, as I have shown above, it is only to the first of these that 
the name ‘“ Old Red Sandstone” can be properly applied. The “Old 
Red Sandstone” (so called) of Hereford and South Wales really 
represents all the beds which in Devonshire lie between the “ Pick- 
well-Down Sandstone” and the “ Foreland Grits and Slates.” And 
here I must express my regret that I cannot concur in the views of 
those who regard the so-called ‘‘ Old Red Sandstone” of Hereford 
&c. as a lake deposit. Professor Geikie considers these beds to 
have been deposited in one of his lakes of the Old-Red period, 
namely “the Welsh Lake, bounded on the north and west by the 
Cambrian and Silurian rising grounds, but its eastern and southern 
extension obscured by later formations” *. I have already ex- 
pressed an opinion that these beds were deposited, not in the bed of 
a lake, but in that of an estuary, bounded (as Professor Geikie 
states) on the north and west by Cambrian and Silurian rising 


* Trans. Roy. Soc. Edinburgh, vol. xxviii. 
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grounds, but towards the south merging into the waters of the open 
sea, in which were being simultaneously formed over the Devon- 
shire area the fossiliferous Middle and Lower Devonian beds, with 
their numerous marine forms of life. 

No one has ever been able to discover any traces of a barrier of 
older rocks which could be supposed to have separated the Devonian 
region from that lying to the north of the Severn and along the 
Wye; and I do not believe that any existed. On the other hand, 
the lower beds of the series contain Lingule in abundance, as, for 
instance, at Bedw Llewd, in Brecon—and the upper beds Serpule, as 
in Caldy Island. The red colour of the strata may be due to depo- 
sition either within the bounds of an estuary or in those of a lake ; and 
in Belgium, as Professor Dewalque has pointed out*, red marls and 
sandstones occur, separating large masses of marine limestones of 
the Devonian period rf. 

The difference in character of the beds in Devonshire on the one 
hand, and in South Wales &c. on the other, need offer no impedi- 
ment to the acceptance of my view, because the original horizontal 
distance was very much greater than at present. In order to find 
this out, we must restore all the highly inclined strata of South 
Wales and the rocks under the Severn, with their numerous flexures 
to the horizontal position; and by this means the horizontal distance 
will be increased by perhaps one third. This would allow space for 
the gradual changes of character observable between the beds of 
North Devon and their representatives in South Wales, Hereford, &c. 

On all these grounds I venture to recommend the adoption of the 
term ‘“‘ Estuarine Devonian” for the series lying above the Passage- 
beds in the country bordering the Wye, the Mon, and the Usk. 

(d) Ireland, South‘ Dingle beds and Glengariff Grits and 
Slates” (Jukes). A series of grey, green, and purple grits and con- 
glomerates, with intervening red, grey, and green slates of great 
thickness (estimated at from 10,000 to 12,000 feet), passing downwards 
into the Upper Silurian beds in the Dingle promontory, and uncon- 
formably overlain either by the Old Red Sandstone or (in the ab- 
sence of that formation, owing to conformable overlap) by the Lower 
Carboniferous bedst. The only fossils they have yielded are stems 
of plants and fucoidal markings. The plants are allied to Carboni- 
ferous forms (vascular Cryptogams). 

These beds are placed by Murchison in the “Lower Devonian 
series,” a very close approximation to what I conceive to be their true 
position ; but if (as I suppose) they represent the Foreland Grits and 
Slates of North Devon and the “ Passage-beds” of South Wales &c., 
they occupy a position just below the fossiliferous Lower Devonian 
beds of which the “Lynton Slates and Limestones” are the repre- 
sentatives. After an examination of the fine sections at the extre- 


* Brit. Assoc. Rep. 1877, Trans. Sect. p. 69. 

t Namely, the Calcaire de Givet from the Calcaire de Frasne. 

{ The evidence for this statement I have given in former papers—Quart. 
1880) Geol. Soc. vol. xxxy. (1879), and Proc. Roy. Dub. Soe. vol. i, new series 
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mity of the Dingle promontory in 1878, and seeing the perfect con- 
tinuity between the Dingle beds and the underlying Upper Silurian 
strata, I came to the conclusion that they themselves were an 
upper portion of the Silurian series*, representing the Upper 
Ludlow rocks—a view previously advanced by Sir R. Griffith. 
Taking into consideration, however, the prodigious development of 
these beds, and the consequent lapse of time during which they 
must have been in course of accumulation, their geographical im- 
portance, and their connexion on the one hand with the Devonian 
(by inference), and on the other with the Silurian system (by ob- 
servation), I now prefer to place them in the position of a separate 
group, under the style and title of ‘* Devono-Silurian ” 7, 

Ireland, North (** Fintona beds”) .—This group is also represented 
in the north of Ireland by a great series of reddish grits, conglome- 
rates, and shales, lying between the valleys of Loughs Erne and 
Neagh, and forming large portions of Monaghan and Tyrone. Their 
base reposes either on the metamorphic rocks of the north of Ireland 
or (unconformably) on the Lower Silurian beds of Pomeroy, charged 
with fossils of ‘“‘ Caradoc (Bala) ” genera and species, as originally 
shown by Portlock. In this case the Upper Silurian beds are absent, 
and we have a hiatus at the base of the series, which is filled up 
in the Dingle promontory ; nevertheless there is a general consensus 
amongst Irish geologists that the ‘‘ Fintona beds,” as they are now 
frequently designated, are the representatives in time of the Dingle 
and Glengariff beds; and as such they would come under the 
designation of ‘“ Devono-Silurian.”’ 

The position of these beds serves to connect them geographically 
with their Scottish representatives, which I next proceed to refer to ; 
but they have not hitherto (like the latter) yielded ichthyic remains, 
or, indeed, fossils of any kind. They were probably deposited within 
the margin of a lake-basin, bounded in nearly all directions by unsub- 
merged lands formed of Lower Silurian rocks towards the south, and 
of their metamorphosed representatives towards the north. East- 
wards this basin may have been connected by a narrow channel with 
Professor Geikie’s “‘ Lake Caledonia or Mid-Scottish Basin,” through 
the Firth of Clyde, as he himself has suggested +. 

(e) Scotland.—It can scarcely be a question that the beds known 
in Scotland as “ Lower Old Red Sandstone” are referable to the 
group I am now describing. Professor Geikie has already suggested 
that they are represented in Ireland by the Glengariff or Dingle 
beds, a view in which I concur; and that there is no paleontological 
difficulty in the way of the acceptance of this view may be inferred 


* «On the Geological Age of the Rocks forming the Southern Highlands of 
Treland,” Quart. Journ. Geol. Soc. vol. xxxv. p. 699 ez seqg. (1879). 

t+ We have as yet no evidence from fossils regarding the conditions of 
formation of these beds. Careful examination by the officers of the Geological 
Survey has hitherto failed to bring to light any thing but plants, Fucoids, and 
Annelid-tracks. I incline to the opinion that they were of marine origin. 

+ “On the Old Red Sandstone of Western Europe.’—Trans. Roy, Soe. 
Edinb. (1878). 
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_ from the statement on the subject by Mr. Etheridge in his recent 
Presidential Address *. 

I confess to a feeling bordering on remorse in throwing a doubt 
on the propriety of the name which has been associated with these 
beds by the Scottish geologists, including the honoured names of 
Boué, Macculloch, Hugh Miller, and those of more recent times ; 
and I almost despair of persuading my Scottish contemporaries that 
the only true Old Red Sandstone to which their country can lay 
‘claim is the comparatively insignificant series of sandstones and 
conglomerates which (in geological sequence) unconformably over- 
lies the great ichthyic formation of ‘* Lake Orcadie,” or “ Lake Cale- 
donia,” and of ‘* Lake Cheviot,” and underlies the Calciferous Sand- 
stone of the Lower Carboniferous series. 

It is scarcely necessary for me to do more than allude to the great 
Scottish formation, so well described on a recent occasion by Pro- 
fessor Geikie as occupying several distinct old lake-basins, sur- 
rounded by Silurian or Metamorphic rocks, and attaining in Caith- 
ness an estimated thickness of 16,200 feet, with its magnificent 
assemblage of fossil fish, amounting to about 18 genera and 60 
species, together with Crustaceans and plants. This ichthyic fauna 
redeems the great Deyono-Silurian group from the charge of well-nigh 
utter barrenness. Of the character of the Molluscan fauna we have no 
evidence; but if (as may be supposed) the Devonian fauna was the 
lineal descendant of the Upper Silurian, to which, however (as Mr. 
Etheridge has shown), it bears very little specific resemblance, then 
the fauna of the Devono-Silurian period must have had a facies of an 
intermediate character between the Upper Silurian on the one hand 
and the Devonian on the other. This fauna must have occupied 
some pelagic region outside the limits of the British Isles and of 
Western Europe. 


Summary.—To briefly recapitulate, I include, therefore, under 
the name “ Devono-Silurian” the following :-— 


(1) The grits, conglomerates, and slates lying at the base of the 
Lower Devonian series of Belgium, &c. (“‘systeme Gedinnien”). 

(2) The Foreland Grits and Slates of Devonshire. 

(3) The “ Passage-beds ” of South Wales, Hereford, &c., including 
the Downton Sandstone and the beds of the ridge of the 
Trichrag. 

(4) The Dingle and Glengariff Grits and Slates of the south of 
Ireland. 

(5) The Fintona-beds of the north of Ireland. 

(6) The so-called ‘* Lower Old Red Sandstone” of Scotland, be- 
longing to several basins. 


* The President of the Geological Society states as follows :—‘‘ If Professor 
Geikie is might in saying that the Scotch Old Red Sandstone represents the 
Trish Glengariff beds, then Professor Hull may be right in concluding that the 
Scotch beds are the lacustrine equivalents in time of the marine uppermost 
Silurian strata.”—Op. cit. p. 197. 
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South-east of England.—There is probably only one district in the 
British Isles where the marine representatives of the entire series, 
from the Upper Silurian to the Carboniferous, exist in unbroken 
sequence—namely, the tract covered by the Cretaceous and Tertiary 
beds north of London. There, I anticipate, we should find, were the 
newer strata stripped off, a continuous succession from the Wenlock, 
through the Ludlow,the Devono-Silurian, Devonian, and Old Red Sand- 
stone, to the Lower Carboniferous beds, between Ware, in Hertford- 
shire, and the North Downs of Kent and Surrey. As Mr. Etheridge 
has shown *, the Wenlock beds have been proved in a boring at 
Ware, under the Gault; and he conjectures that the Ludlow beds 
might be found “ under, or a little to the south of Hertford,” while the 
Devonian beds have been proved to exist at Turnford and Tottenham 
Court Road. Between these places and Hertford we may therefore 
infer that the Devono-Silurian beds lie concealed beneath the Chalk. 
The series here has its parallel in South Wales and the border dis- 
tricts, except that there the Devonian series occurs as an abnormal 
estuarine, instead of as a marine, deposit. 

The following Table gives the succession of the geological series 
downwards, which, from its simplicity, will, I trust, commend itself 
to the reader, while it brings the series into direct harmony with 
those of the Continent and America. 


Table of Succession of Formations in the British Isles. 


1. Carboniferous Limestone. ; 

2. Lower Carboniferous Shale or Slate (England and 
Treland). 

. Coomhola Grits and Slates (Ireland); Pilton, Baggy, 
and Marwood beds (Devonshire). 


( 1. Kiltorcan beds, with Palgopteris and Anodonta, fish 
| (Bothriolepis, Coccosteus, Glyptolepis, and Asterolepis?) 
Old Bed Sancstone | and Crustaceans (Ireland). 
Old Red Sandstone and Conglomerate (Ireland), Pick- 
well-Down Sandstone (Devon), Yellow Sandstone 
and Conglomerate (Monmouth, Brecon, &c.). 


1. Morthoe slates (Devon). \ Estuarine De- 
2. Ilfracombe and Plymouth limestone | vonian beds of 

group. \ Hereford (so- 
3. Hangman Grits and Slates (Devon). called Old Red 
4, Lynton Shalesand Limestones (Devon). | Sandstone). 


| 
| 

\ 

4 

| 

\ . 
(Foreland Grits and Slates (Devon); Downton Sand- 
4 

\ 


Lower Carboni- 
ferous Beds. 3 


(Upper Devonian, { 5 
in part). = 


Devonian beds. 


stone and Passage-beds (Hereford, &c.); Glengariff 
Grits and Slates (or Dingle-beds) (Ireland); and 
Lower Old Red Sandstone (Scotland) ; Systeme Ge- 
dinnien in part (Belgium). 


Deyono-Silurian 
beds. 


Upper Silurian 


Upper | Ludlow beds. 
beds. 


Lower 
! Wenlock beds, &e. 


* Anniversary Address, p. 230 (supra cit.). In the 4th edit. of the ‘ Coal- 
fields of Great Britain’ (1881), I have given an engraved section to show the 
probable succession of the Palzozoic beds of this part of England beneath the 
overlying Mesozoic and Cainozoic strata. 
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Discussion. 


The PrusipEenr said that the paper was a very suggestive one, 
which raised a number of very doubtful questions. 

Prof. Hugues pointed out that he had already (Brit. Assoc. 1875) 
suggested a twofold classification of these deposits, but he did not 
refer the same beds as did the author of the paper to the upper and 
lower divisions. The beds which followed the Silurian without a 
break, and which he called Sawdde beds, from the river in Caermar- ° 
thenshire along which the best continuous section is seen, were, he 
thought, older than the oldest Devonian, and the base of the De- 
vonian was represented by the quartz-conglomerates which rest 
upon the Sawdde beds and underlie the brown sandstones of the 
Vans. This upper division he considered the variable basement- 
series of the Carboniferous, and thought that it was the equivalent 
of the thin conglomerates &c. known as the Old Red in North Wales 
and in the north of England, and of the Middle and Upper Old Red 
of Scotland and the north of Ireland. 

Mr. CHAMPERNOWNE agreed with the views of Prof. Hull as to the 
estuarine rather than lacustrine character of the Welsh Old Red, 
regarding it as probable that the two areas, Welsh and North 
Devonian, were united at the period of the (Upper) Old Red Sand- 
stone, though they might have been separated during the accumula- 
tion of the Cornstone series and the Middle and Lower Devonian 
beds. Consequently he thought it impossible that the Foreland 
beds could represent the quartz-conglomerate at the base of the 
Brownstone group, which he had understood Prof. Hughes to 
suggest, but that they were much older. Still he did not like the 
name ‘“*‘ Devono-Silurian” for the Foreland beds and their presumed 
equivalents. He thought that a more detailed examination of them 
had been made by Mr. Ussher than perhaps by any other observer ; 
and he hoped that he might see his North-Devon lines adopted by 
the Survey. 

Rev. H. H. Wixywoop referred to the difficulty of working the 
Foreland beds on account of their inaccessibility. 

The PresipEnr said one of the chief points of Mr. Hull’s paper 
was that the Pickwell-Down Sandstones are the equivalents of the 
Herefordshire and Welsh and all the Old Red Sandstone, and that 
his views had been quite misunderstood in the discussion. 
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21. On the two Bririsu Types of the LowEr CaMBRIAN BEDS, and the 
Conpirions under which they were respectively deposited. By 
Prof. Epwarp Hutt, LL.D., F.R.S., F.G.S. (Read January 11, 
1882.) 


THE subject of this paper forced itself on my mind when drawing 
up an essay “On the Laurentian beds of Ireland ;” and I had origi- 
nally intended to place it as an appendix to that communication* ; 
but on further consideration I have thought it of sufficient interest 
to deserve separate treatment. . 

I propose to compare the Cambrian beds of the North-west 
Highlands of Scotland, which I shall call those of the ‘“ Caledonian 
type,” with their supposed representatives in South Britain and 
ireland, which I shall call those of the ‘‘ Hiberno-Cambrian type,” 
as regards both their petrological characters and their fossil contents, 
with the view of showing that they were formed respectively on 
either side of a ridge (or barrier) of Archean rocks, which a recent 
examination of the north of Ireland enables me to trace along its 
whole course in the British Isles. 

Before entering, however, on this special subject, I ought first to 
state the geological position of the beds I here call “Cambrian,” as 
the term is unfortunately rather widely applied at present amongst 
British geologists, 

Definition of “ Cambrian ” Beds.—¥or my present purpose I use 
the term within the limits in which it is used by the Geological 
Survey—that is, the ‘‘ Lower Cambrian” of Sedgwick, including the 
beds below the Lingula-flags and the Menevian stage of Salter and 
Hicks. To this stage, therefore, the Llanberris, the Harlech, and 
Longmynd rocks are presumably referable. 

I assume, then, the above great group of conglomerates, grits, and 
slates to be the representatives in time of the Cambrian beds of the 
North-west Highlands of Scotland, and for the following reasons :— 

In the Highlands the Cambrian beds are overlain transgressively 
by quartzites and limestones, the latter containing fossils chiefly of 
American Lower-Silurian types, as Salter has shown, but, so far as 
the evidence goes, referable to the stage of the Llandeilo bedst of 
Wales. There is therefore in the Highlands a hiatus between 
the Lower Silurian beds and the Cambrian sandstone, which we 
may well suppose is represented elsewhere by the “ Menevian,” 
“ Tingula,” “‘ Tremadoc,” and possibly ‘“ Arenig” beds. It is, of 
course, impossible to say whether all, or how many, of these stages 
are wanting ; but certainly some of them are absent, owing to the 
unconformity observable in the North-west Highlands—an uncon- 
formity which is itself partially represented even in Wales, where 
all these stages occur. 

* Scient. Trans. Roy. Dublin Soe. vol. i. ser. 2, p. 240. 


* Quart. Journ. Geol. Soc. vol. xv. p. 374, with plates; also ‘Siluria,’ 
Ath edit. pp. 164-5. 
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Fig. 1.—WMap showing approaimate Boundaries of the two British 
Cambrian Basins and of the intervening Archean Ridge. 
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Caledonian Basin. 
2 Hiberno-Cambrian Basin. 


The representative sections in the two areas may therefore be 
approximately coordinated as follows :— 
N.W. Highlands of Scotiand. Welsh District. 


Quartzites. 
Lower Sinurtan_ } Limestones with fossils. Lower Silurian 
(Llandeilo Beds?) | Fucoid beds. (Llandeilo) beds. 
Quartzites with Annelids. 
{ Arenig beds? 
Not represented ... Hiatus ...........c:00cse00- aaa 
Menevian beds. 
Cambrian beds. 
Red sandstone and ae 
CAMBRIAN, { Conglomerate. (Harlech, Llanberris, 


Longmynd, and 
St.-Dayid’s beds). 
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As regards the base of the Cambrian beds, that is well defined in 
the Highlands ; andif it should ultimately appear that the base of the 
representative beds has been really discovered in Anglesey, as stated 
by Prof. Hughes, Dr. Hicks, and Dr. Callaway* (a point on which I 
haye no opinion to offer), then the lower, as well as the upper, limit 
of the formation here described will have been well determined in 
each country. 

Now let us compare these presumed representative beds as they 
occur in the Highlands of Scotland, in Wales, and in Ireland. 


a. Cambrian Beds of the Caledonian type. N.W. Highlands 
of Scotland. 


Sir R. Murchison’s description is sufficiently full for my purpose, 
and is as follows :— 

‘‘The ancient gneiss, along the coast of Sutherlandshire and 
Ross, is surmounted by great masses of dull brown, red, and choco- 
late-coloured sandstone and conglomerate” +, generally in nearly 
horizontal courses, rising into the mountains of Coulmore, Suilven, 
Canisp, and Queenaig. ‘The reddish tint 1s everywhere prevalent ; 
and there is a remarkable absence of beds of slate +; the deposits 
are likewise unfossiliferous. 

The beds, it will be observed, are not described as “ grits,” a 
term only applicable to those I am about to describe. 

There are no traces of such beds in the north or west of Ireland, 
between the representatives of the Lower Silurian series and those 
of the Laurentian; I therefore include the north, the west, andthe 
centre of Ireland in the Archzean ridge, which was prolonged from the 
central Highlands of Scotland (see Map, fig. 1). 


b. Cambrian Beds of the Hiberno-Cambrian Type. 


For the description of these beds as they occur in the Welsh and 
Salopian area, I adopt the language of Prof. Sir A. Ramsay. ‘“ The 
Cambrian rocks of Wales,” he says, “ consist of the purple grits 
and slates that form the greater part of the group of hills lying 
east of Cardigan Bay.” ..... “They are also well seen in the 
passes of Llanberris and Nant Ffrancon, where the celebrated slate- 
quarries of Penrhyn and Llanberris lie in these strata. The slates 
are purple, purplish-blue, and green ; and associated with them are 
beds of greenish and grey grits and conglomerates” §. Again, the 
Longmynd rocks “consist of green, grey, and purple slaty rocks, 
grits, and conglomerates,” in which are worm-burrowings, and a 
Trilobite (Palcopyge Ramsay) discovered by the late Mr. Salter. 


* “ Archeean Geology of Anglesey,” Quart. Journ. Geol. Soc. May 1881. 

t+ Quart. Journ. Geol. Soc. vol. xv. p. 362. 

t Sir R. Murchison compares these beds to their representatives in the Long: 
mynd hills of Shropshire ; but there is a marked general absence of resemblance 
between the “ grey and purplish slaty, gritty, and pebbly rocks” of the Longmynd 
(Phillips) and the reddish sandstones and conglomerates of Ross-shire. 

§ Phys. Geol. Great Britain, 5th edit. p. 58. 


|| 


eee 


a 


a 


TYPES OF THE CAMBRIAN BEDS. boa les 


The Cambrian beds of St. David’s are similar in composition to 
the above, and have yielded to Dr. Hicks a peculiar marine fauna, 
consisting of Trilobites, Brachiopods, &c., the most ancient group 
of these forms known in Britain. 

The beds of the same horizon in the east of Ireland are not dis- 
similar, allowance being made for geographical space. They are of 
great but unknown thickness, consisting of green and purple grits, 
quartzites, and rough slates. Conglomerate beds are rare. The 
fossils yielded consist only of tracks and burrows of marine worms 
and two species of a peculiar form of zoophyte called, after its dis- 
coverer, Oldhamia. These beds are unconformably overlain by the 
Lower Silurian slates and grits, the hiatus here recognizable being 
due to the absence of the Menevian, Lingula, and Tremadoc stages. 

All the paleontological evidence at present existing goes to show 
that the Cambrian beds of the Hiberno-Cambrian type of England, 
Wales, and Ireland were deposited in one connected basin, and in 
the waters of the ocean; and in this as well as in their petro- 


logical characters they offer a strong contrast to the beds of the 


Caledonian type, which I concur with Professor Ramsay in consi- 
dering to have been deposited in a lake-basin*. 

These differences are so great that they seem of themselves to 
point to deposition within the limits of distinct basins; and this 
view receives further confirmation from the second kind of evidence, 
that depending on certain geometrical considerations I am now 
about to adduce. 

It is known that all along the western outcrop of the Lower 
Silurian quartzites and limestones, from Loch Erriboll. in the north 
to Loch Carron in the south, the dip is easterly, and these beds pass 
transgressively across the truncated edges of the horizontal beds of 
Cambrian sandstoney. These sandstones rest upon an eroded surface 
of Laurentian beds, with a (generally) very slight inclination east- 
ward. Between the slope of the Silurian beds and that of the 
Laurentian floor there is generally a considerable angle, so that the 
two planes ultimately collide—as, for instance, at Loch Maree in 
the south, and Loch Assyntinthenorth?. If, therefore, we reduce 
the plane of the Lower-Silurian beds to its original nearly horizontal 
position, the other plane, formed by the Laurentian floor, becomes 
tilted upwards towards the east; in other words, it rises in the 
direction of the central Highlands. ‘This is illustrated by the fol- 
lowing diagram (fig. 2) :— 


* Quart. Journ. Geol. Soe. vol. xxviii. Dr. Mourlon refers the rocks of the 
Ardennes in which Oldhamia radiata occurs to the “Cambrian system” (Géol. 
de la Belgique, t. i. p. 31, 1880). 

t Murchison and Geikie, Quart, Journ. Geol, Soc. vol. xvii. pp. 184, 190. 
I have endeavoured to illustrate this point by a diagram in my paper on the 
Northern Highlands of Scotland in Scient. Proc. Roy. Dubl. Soc. vol. iii. 

i, x. fig. 2. 
A ie haei and Geikie, supra cit. p. 191. 


214 PROF. E. HULL ON THE TWO BRITISH 


Fig. 2.—Dragram showing Present and Original Positions of Strata. 
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X X. Approximate sea-level or horizontal line. 

AZ. Present base of the Lower Silurian beds. 

A’Z’. Original position of ditto. 

BB. Present basement floor of the Cambrian sandstone. 
B’ B’. Original position of ditto. 


It will thus be seen that the floor of the Cambrian sandstones, 
formed of Laurentian rocks, must have originally sloped upwards 
towards the central Highlands, and in that direction probably 
formed aridge during a portion, or the whole of the period in which 
the Cambrian beds were being deposited. This ridge would form 
the eastern margin while that of the outer Hebrides would, as sug- 
gested by Professor Ramsay, form the western margin, of the basin 
in which the Cambrian beds of the Scottish type were deposited. 

On the other side of this ridge, which embraced the Scottish 
Highlands and the north and west of Ireland, the Cambrian beds 
of the Welsh and Irish type were deposited in a much larger basin*, 
into which the ocean waters gained access at intervals, if indeed, as 
seems tome more probable, they did not prevail throughout the 
entire period’. 

What may have been the eastern and southern limit to the Cam- 
brian beds of the Hiberno-Cambrian type it is less easy to indicate. 
The floor of these beds crops up in Bohemia, and probably in Central 
France and Brittany; but it would be hazardous to assert that the 
old crystalline rocks of these regions were never covered by the Cam- 
brian beds of the Ardennes. 

Thus it is that we are in possession of two kinds of evidence, per- 
fectly distinct, but both pointing to the conclusion with which I 
commenced, viz. that of the existence of two distinct basins in the 
Cambrian period, one lacustrine and the other marine, lying on either 
side of a ridge of Archean metamorphic rocks. 


* Prof. Ramsay, judging by their mineral characters, considers that the Cam- 
brian beds of Wales were deposited in proximity to land (Phys. Geol. Great 
Brit. 5th edit. p. 67). 

t Linclude in the second (Hiberno-Cambrian) type of Cambrian beds the 
rocks of Charnwood Forest, which were originally referred by Jukes to this for- 
mation; and I have not seen sufficient evidence, notwithstanding all that has been 
- since written, that he was in error. 
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Discussion. 


Dr. Hicks congratulated Prof. Hull on the change which this 
and other recent papers of his showed in his views with regard 
to the pre-Cambrian rocks. It was quite clear that the acknowledg- 
ment of a pre-Cambrian ridge in the central part of Scotland up to a 
late period in the Silurian was a step towards the view of Dr. Hicks, 
that this ridge, which was at the close of the Cambrian the highest 
point, and the last submerged and overlapped by sediments, has 
become reexposed during the elevation and denudation of the more 
deeply buried adjoining portion of the old floor on the west coast. 
He was pleased also to find that Prof. Hull now accepted the 
pre-Cambrian age of some rocks in Wales and Ireland. Dr. 
Hicks did not, however, believe that the Torridon Sandstone was a 
lacustrine deposit, more than other sandstones and conglomerates ; 
but he believed that the differences in the materials and in the 
thicknesses of these early deposits was due to their being thrown 
down over a gradually subsiding area, and that the old floor was in 
a very uneven condition at the time. He agreed with the main line 
of depression indicated ; and it was the one he had himself pointed out 
in a paper read to the Society in 1875. 

Prof. Jupp said that Prof. Hull had certainly not committed 
himself to the view that the whole of the existing surface of Central 
Scotland was to be regarded as belonging to the Archean. 

Prof. Hues pointed out that there was some confusion between 
overlap and unconformity. He thought that there was no break 
between the Cambrian of the Survey and the Silurian, nor at the 
base of the Llandeilo beds. As submergence went on, the newer 
overlapped the older and lay directly on that portion of the Archean 
rocks which happened to be the shore. He did not think the exact 
position of the Oldhamia beds was established. 

Prof. Bonney said that Prof. Hull, in still claiming the Charnwood- 
Forest rocks as Cambrian, appeared to be inconsistent with himself, 
since a main argument of his paper, for the identification of beds, 
was lithological similarity. Further, Prof. Hull had assumed 
that the Torridon Sandstone was Cambrian. Prof. Bonney, however, 
thought the age of that deposit was so uncertain that this was an 
unsafe foundation for the superstructure of an argument. 

Mr. Hupzeston agreed with Prof. Bonney, and thought that Prof. 
Hull was driven to his hypothesis in order to account for the 
differences in the two basins. He thought, also, that Dr. Hicks 
had hardly understood Prof. Hull’s map. 

Mr. Drew also thought that the map was not intended to refer 
to any thing post-Cambrian. 

Mr. Cuamprrnowne sald certainly Prof. Hull at York spoke of 
the Archean ridge as being a concealed barrier, and did not suppose 
it to consist of the flagey gneisses of the Central Highlands. 


Q.J.G.8. No. 150. Q 
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22. Additional Note on Certain Inciusions in Granires. By 
J. ARTHUR Purtuips, Esq., F.R.S., F.G.8. (Read March 8, 
1882.) 


In a paper which I had the honour of reading before this Society on 
November 19th, 1879, entitled “‘On Concretionary Patches and 
Fragments of other Rocks contained in Granite,” I called attention 
to the fact that a certain class of such inclusions, usually more or 
less ovoid in form and resembling imbedded pebbles, are essentially 
composed of a fine-grained variety of the granite in which they are 
severally enclosed. The proportion of dark-coloured mica in these 
patches is almost invariably greater than in the rock in which they 
occur, and imparts to them a darker colour than that of the general 
mass. It was further observed, when sections made through both 
pebble-like inclusions and the enclosing granite are examined under 
the microscope, that along their line of contact minute crystals 
are found to extend from the one into the other. These rounded 
inclusions sometimes enclose a second similar nodule, differing from 
the first either in colour or in fineness of grain only. 

Such inclusions are sometimes porphyritic in structure, and enclose 
large crystals of the felspar characterizing the enclosing rock. Thus, 
when the felspar of the surrounding granite is either red or pink in 
colour, that which is porphyritically distributed through the inclu- 
sions will be correspondingly red or pink; if, on the contrary, white 
felspar be a characteristic of the normal granite, the porphyritic 
crystals of the inclusions will likewise be white. The angles of 
felspar crystals so enclosed in ovoid inclusions are often much 
rounded. 

Arguing from these facts, I had concluded that rounded “ inclu- 
sions” are usually contemporaneous with the consolidation of the 
general rock-mass, and that they are due to the action of forces of 
somewhat the same nature as those which have resulted in the 
production of the concretionary nodules of the orbicular diorite of 
Corsica. 

Up to the time of the publication of the paper referred to, 
although constantly sought for, no instance had been met with of 
the penetration of large crystals of felspar from the surrounding 
granite into one of these pebble-like inclusions. More recently, 
however, numerous examples have been observed of a crystal of 
felspar from the granite penetrating an inclusion, or one of the 
porphyritic felspar crystals of an inclusion extending into the 
granite. 

The accompanying woodcuts, after drawings by Mr. Frank Rutley, 
represent, one half natural size, a dark inclusion and a portion of a 
nearly similar one, penetrated by large crystals of red microcline, in 
Shap granite forming part of the facade of a building in Nicholas 
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Lane, City. These appear to afford direct evidence that the formation 


of the inclusions and the solidification of the enclosing granite were 
contemporaneous. 
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Inclusions in Shap granite: a, erystals of felspar. 


DISCUSSION. 


Prof. Bonnuy expressed his sense of the value of Mr. Phillips’s 
communication, which seemed to illustrate the order of solidification 
of the constituents. He said that in the case of the Shapfell granite 
the felspar crystals appeared to have been developed 7 situ. 

Mr. Ernertper remarked upon some small felspathic veins which 
traversed the inclusion, and asked if they were contemporaneous. 

Rev. E. Hitt asked what the signification might be of the rounding 
of the felspar crystals described by the author. 

Mr. Parties said it was difficult to account for the rounded form 
of erystals in certain rocks; they often looked as if they had 
erystallized under restraint. In the present case, whatever had 
caused the segregation of the mica seemed to have interfered with 
the perfect formation of the felspar erystals—which, after all, was 
not a very satisfactory explanation. 
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23. On a Fosstt Spxcres of Camproczras, a Freshwater MottusK from 
the Kocrne of SurpRNuss-on-Sua. By Lieut.-Colonel H. H. 
Gopwin-Avsten, F.R.S., F.G.8. (Read March 22, 1882.) 


[Puate V.| 


I wAvE now had by me for a long time, waiting for description, 
some very interesting fossils, obtained by Mr. W. H. Shrubsole near 
Sheerness; and I owe Mr. Shrubsole some apology for retaining 
them so long unnoticed. In July 1880, when looking over some 
of Mr. Shrubsole’s fossils from the above neighbourhood, he showed 
me this specimen, which, he informed me, had very much puzzled 
several naturalists to whom he had submitted it. It recalled at 
once an Kast-Indian form with which I was familiar; but I could 
not at the moment give Mr. Shrubsole the name. On returning to 
town on the 2nd of August I looked up the genus in my collection, 
and wrote (confirming my original opinion) that I considered the 
shells to belong to Benson’s genus Camptoceras. Dr. H. Woodward 
saw the same specimen in September 1880, and expressed the same 
opinion in a letter of the 23rd to Mr. Shrubsole ; and on hearing I 
had previously-seen the specimen and identified the genus, he for- 
warded the same to me in February 1881. I may also mention that 
Messrs. Etheridge and Newton in October, having seen Mr. Wood- 
ward’s letter and reexamined the specimen, were also of the same 
opinion. 

As it is the first record of the genus occurring fossil, I shall enter 
somewhat fully into an account of it, giving Benson’s original 
description, and noticing the species now known to us. 


Genus Camproceras, Benson. 


Camptoceras, Benson, Calcutta Journ. of Nat. Hist. p. 465 (1848) ; 
Ann. & Mag. Nat. Hist. (2) vol. xv. p. 9 (1855). 


“ Testa sinistrorsa, imperforata, elongato-elliptica, spira soluta, 
apice acutiusculo, sutura late et profunde excavata (re vera omnino 
carente); anfractibus 3-4 angustis elongatis, superne et subtus 
carinatis, lateribus planulatis ; apicali elongato-acuminato, longe ex- 
serto ; ultimo antice superne descendente, carinato ; apertura soluta, 
integra, magna, spiram non equante, elongato-elliptica, angusti- 
uscuia, superne et ad basin arcuatim angulata; peristomate ache. 
operculo nullo.” 

The first species, C. terebra* (Plate V. fig. 8), on which it was 
founded, was taken by Dr. Bacon, in company with Mr. Benson, in 
a piece of water that had previously formed a portion of the Ram 


* Ann. & Mag. Nat. Hist. (2) vol. xv. p. 10 (1855), with outline figure ; Journ. 
Asiat. Soc. Bengal, vol. xl. 1871, pl. 1. figs. 1, la; Conch. Indica, p, 64, 
pl. clviii. figs. 1,2; Adams, Gen. Recent Mol. p. 258, pl. Ixxxiv. fig. 1. 
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Gunga river, near Moradabad in Rohilkhund, India. Benson thus 
describes the animal :— 

«“ Animal tentaculis duobus filiformibus, obtusis, oculis magnis 
inter tentacula sitis, proboscideque mediocri munitum ; pallio labia 
teste haud transeunte; pede brevi, longitudinem aperture vix 
superante.” 

‘‘ The form of the tentacula and the position of the eyes, situated 
between the filiform tentacula, and sessile on the head (not as in 
Lymnea, occupying the fore part of the widened base of the trian- 
gular tentacula), at once distinguish the animal from that of 
Lymnea. In Camptoceras the eyes are large in proportion to the 
size of the animal, while in Lymncea they present only a minute 
black point, even in individuals of large size.” .... ‘* The short- 
ness of the foot, however, the sluggish movements of the mollusk, 
and its strong adhesion to smooth surfaces, point to an affinity with 
Ancylus, which, instead of presenting the elongate, imperfectly 
rolled, acutely spiral cone of Camptoceras, sinks into, a widely- 
spread, depressed cone, with scarcely any distortion of the spire.” 
Ancylus is also sinistral. 

“The animal adheres, in deep water, to the decaying stems of a 
reedy sedge, more frequently burrowing into them, and concealing 
itself between the internal layers ; a habit which renders it difficult 
to detect.” 

It occurred with species of Planorbis and Ancylus, was very local, 
and was taken in February 1842; but at the end of 1845 no more could 
be found, and it has never since been found by any collector in 
India. As Benson remarks, it may be more abundant during the 
rainy season in July and August; but the character of the sur- 
rounding country is not then favourable in point of healthiness or 
practicability for exploration. 

In March 1869, when encamped near some marshes at Nazirpur, 
near Shushong-Durgapur, in the Mymensing district under the 
Garo hills, and where I often searched for shells, | was so fortunate 
as to discover two other species of Camptoceras living together. The 
water of the ‘ Beels,” as marshes are called there, was then fast 
drying up; and all the specimens that I found were adhering tightly 
to the surface of the dried-up water-plants, a few feet from the 
water’s edge*. I had no leisure to watch and examine the animals, 
and on my arrival in Calcutta, a short time afterwards, gave them 
over to Mr. H. F. Blanford, who described and figured them in the 
‘Journal of the Asiatic Society of Bengal,’ pt. 11. 1871, pp. 39-41, 
under the names of C. Austeni and C. lineatum, the former, of which 
I give an outline figure (Plate V. fig. 9), being nearest to C. terebra. 

The fossil species is nearest to C. terebra, Benson, in the form of 
the whorls, but differs considerably in their greater number and more 
elongate form. Unfortunately the aperture has not been preserved 
entire in any of the specimens on the little block I have before me. 
C. lineatum was abundant where I found it; and the fossil species 


* This same ground, a few months after, during the rains, would be 10 or 15 
‘feet under water. 
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appears to have been the same, judging from the large number of 
specimens. Although apparently so rare a shell in India, I believe 
it will be yet found more widely distributed, and that other forms 
will be found when the enormous area of the deltas of the Ganges, 
Brahmaputra, and Indus is more closely searched. These shells are 
very minute, and can only be obtained at a certain low state of the 
rivers and marshes. 


Description of fossil Species. 


CAMPTOCERAS PRISCUM, n. sp. Plate V. figs. 1-5. 


Locality. Higher level of cliffs, about halfway between East-End 
Lane and Hensbrook, Island of Sheppey, Kent. 

Shell sinistral, very elongate; a slight indication of spiral rib- 
bing in the casts; spire elongate ; apex very acuminate and slightly 
curved; suture wide and deep; whorls 4, disunited, rather rapidly 
increasing ,and constricted at intervals, then becoming tumid ; aper- 
ture not well made out, evidently oblique, circular or oblate, and 
reflected slightly at the peristome. 


Var. optusum. Plate V. figs. 6, 7. 


Similar to above, but the apex much shorter and blunter, and the 
whorls more compressed together. 


millim. millim. 

ize.” Major diameter / 002,26 0.05. 15 alt. axis 6°5 
= recent species: terebra 3°70, -vix 9:0 

a8 ~ var. Ausient 1°(0 4, ‘5, “@4e 

ss ‘i lineatum 293 gS gg: 48 


Some of the specimens are beautifully preserved, and are not mere 
casts ; it is unfortunate that the aperture is more or less incomplete 
in every shell, although in the two pieces of stone I have seen there 
are over a hundred of them. 

I cannot do better, to describe how and where it was found, than 
give an extract from Mr. Shrubsole’s letter to me, dated 7th January, 
1881 :—* The shells did not come from the well, but from the 
higher level of the cliffs. I was showing a field-class how to look 
for fossils on the beach; and whilst we were standing in a group I 
was asked a question respecting the septarian nodules scattered 
about. After telling all I could about them, I stooped down and 
examined the broken one at my feet. Seeing a thin calcareous line 
near the surface of the nodule, with a blow of the hammer I ex- | 
posed the shells; and I could not identify them: I brought them 
home. I gave away to those with me all I found beside.” ..... 
“T cannot tell from what horizon in the London clay the nodule 
came, except that it must have been within the uppermost 150 ft.” 

No discovery could possibly show better what a broken chain geolo- 
gical evidence affords us of the extension and distribution of genera. 
Here one fortuitous blow of the hammer disclosed some dozens of 
a genus never before found, or rather recorded, as fossil in Europe, 
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and one which even now is so locally distributed in the east that it has 
only been found living by three individuals, in two widely-separated 
spots. Mr. Shrubsole may be complimented and congratulated on 
having brought to light so interesting a fossil form. 


EXPLANATION OF PLATE V. 


Fig. 1. Camptoceras priscwm, n. sp., X 12. Length 4:2 millim. 
9 9 x 4. 

apex, x 12. 

+ 5 impression showing oblique aperture, x 12. 

D. se Be broken at the constriction. 

6. es es var. obtusum, X 12. 

Ts do. apex. X 12. 

a 


8, 8a. Camptoceras terebra, Benson, x 4, 
9, 9a, a Austeni, H. F. Blanford, $< Hlies 


Discussion. 


Mr. Erurripecr remarked on the interest of finding in Britain 
an EKocene freshwater shell of a genus now living only in India. 
The genus appeared to be near Physa. 

Mr. Garpner said that it was interesting to find so remarkable a 
tropical form so high up in the London Clay. He thought there was 
evidence that the more tropical forms of fruits occur in the higher 
beds of the London Clay. 

The AutHor was unable to say what genera of plants were found 
in association with this land-shell in India; but Canes, Palms, Ferns, 
and large grasses grow on the edges of the marshes. 
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24. On the CHALK-MAssES or BouLpERs included in the ConrorTED 
Drirt of Cromer, their Ortern and Move of Transport. 
By T. Meruarp Rezanz, Esq., C.K., F.G.8. (Read January 11, 
1882.) 


THoucH for many years engaged in the study of Drift, it was not 
until the summer of last year that I found my way to the cliffs of 
Cromer. 

The sections to be seen along the Cromer coast have formed a 
stock subject with geologists since R. C. Taylor, in 1827*, and 
Lyell, in 18407, wrote upon them. Nevertheless they are not 
likely to lose their interest; for the phenomena they present are 
so strange and striking, and so out of the usual run of drift sections, 
that he would be a very unimaginative geologist who failed to be 
impressed by them. 

Since my return I haye looked up the literature of the subject. 
Perhaps I ought to have done so first: but there is a certain advan- 
tage in one’s mind being as a blank sheet ; for then the impressions 
come direct through one’s own eyes instead of being coloured by 

the views of others. 
he result of this examination leads me to think there is still 
room for further description, as well as for a reconsideration of the 
origin and mode of transport of the so-called “ Boulders,” or 
Chalk-masses—a question that has been so far, it seems to me, 
treated in a very general, cursory, or inadequate manner. 

The term “Boulder” is, of course, used by writers in its 
geological sense of a transported mass; but as in the vernacular it 
means a rounded and waterworn stone, the use of the term is very 
likely, without due warning, to create an image of something very 
different from what the Norfolk cliffs disclose. 

As my object is not to reiterate, but rather to supplement the ob- 
servations of preceding geologists, I purpose to confine myself as 
closely as possible to what I have personally seen and inferences 
therefrom, only incidentally discussing, as occasion arises, the various 
theories on the subject that have from time to time been broachedt. 


* “On the Geology of East Norfolk,” Phil. Mag. April, May, June, October, 
and November, 1827. 

t “On the Boulder Formation of Eastern Norfolk,” Phil. Mag. May 1840. 

t The following are references to some of the principal writings relating to 
the subject in addition to those before quoted :— 

Lyell’s ‘Elements of Geology,’ 2nd. ed., 1841, vol.i., ‘‘On Norfolk Drift,” 
pp. 226-236. 

“ Brratics of Norfolk,” &c., Trimmer, Quart. Journ. Geol. Soc. 1851, 
pp. 19-38. 

“Lincolnshire Drift,” Morris, Q. J. G. S. 1858, p. 320. 

On a “ Section at Litcham,” 8. V. Wood, Junr., Q. J. G. 8. 1867, pp. 84-87. 

‘Memoirs of the Geological Survey of England’, 1875, “ Geology of Rut- 
land,” Judd, pp. 245-249. 

Ditto, ditto, “ Geology of the Fenland,” Skertchley, 1877, pp. 236-241. 
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The Geological Position of the Cromer Till and Contorted Drift. 


The relations of the glacial beds to those below can best be seen 
by commencing at Weybourne and walking eastwards towards 
Cromer. The Chalk forming a basement bed for the whole of the 
Pliocene and Post-pliocene deposits, is here seen in the cliff. 
Resting upon it is a bed called “iron pan,” composed of flints and 
shells, cemented together with ferruginous matter. Above this are 
a series of laminated sands and clays called, by Mr. H. B. Wood- 
ward, Weybourne Crag, and thought by him to be the upper part of 
the Norwich Crag, but considered by Mr. J. H. Blake to be the equi- 
valent of the Chillesford Clay, and identical with that below his 
“‘ yootlet-bed ” at Kessingland*. Above the laminated sands and 
clays is a bed corresponding in appearance with the “ rootlet-bed ” 
at Kessingland ; and upon it rests the Contorted Drift, which is not 
very striking at this end of the cliff section; but as we proceed 
towards Sherringham it comes in with greater force. The lami- 
nated sands and clays are to be seen at various points, even beyond 
Sherringham, forming the base of the glacial deposits, though, as 
the cliffs are so obscured by talus, I could not aver that their conti- 
nuity was not broken in places; indeed, if we refer to Lyell’s 


‘ Cambridgeshire Geology,’ Bonney, pp. 69-76. 

“‘Denudations of Norfolk,” Fisher, Geol. Mag. 1868, pp. 548-553. 

crea te Address, Proc. of Norwich Geol. Soc., H. B. Woodward, Session 
1878-79. 

Ditto ditto, J. H. Blake, Session 1879-80. 

“On a Disturbance of the Chalk at Trowse,” Proceed. of Norwich, Geol. Soc. 
H. B. Woodward, pp. 109, 110. 

“Sequence of the Glacial Beds,” S. V. Wood, Junr., Geol. Mag. Sept. 1871. 

‘The Post Tertiary Deposits of Cambridgeshire,’ A. J. Jukes-Browne, 1878. 

“The Glacial Deposits of Cromer,” Clement Reid, Geol. Mag. Feb. 1880. 

“The Chalk Bluffs of Trimmingham,” A. J. Jukes-Browne, Ann. & Mag. 
of Nat. Hist. Oct. 1880. 

On the “‘ Hessle Boulder-clay in Lincolnshire,” A. J. Jukes-Browne, Quart. 
Journ. Geol. Soc. Aug. 1879; refers to buried chalk cliffs, p. 412. 

“Disturbance in the Chalk of Norfolk,” H. B. Woodward, Geol. Mag. Feb. 
1881, p. 93. 

i Ghdaiteution of the Pliocene and Pleistocene Beds,’ Clement Reid, Geol. 
Mag. Dec. 1880, pp. 548, 549. 

“On the Newer Pliocene Period in England,” 8. V. Wood, Junr., Quart. 
Journ. Geol. Soc. Nov. 1880. 

“Ona Displacement of the Chalk at Whitlingham,” J. E. Taylor, Geol. 
Mag. 1865, p. 324. 

“On a: Disturbance of the Chalk at Swainsthorpe,” J. EH. Taylor, Geol. 
Mag. 1866, p. 44. 

“On the Glacial Period in Norfolk and Suffolk,” Thos. Belt, Geol. Mag. 
1877, pp. 156-8. 

Various references to the Post-Tertiary Deposits of Norfolk will be found in 
Lyell’s ‘ Principles’ and Geikie’s ‘ Great Ice Age.’ 

“Physical Geology of Hast Anglia during the Glacial Period,” Penning 
Quart. Journ. Geol. Soc. 1876, vol. xxxii. pp. 191-203. 

It is unnecessary for me to give further references, as any one going through 
the above will find them given in one place or another. 

* Pres, Address, Norwich Geol. Soc. Session, 1879-80. 
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paper ‘On the Boulder Formation of Eastern Norfolk” (Phil. 
Mag. 1840, p. 367), or to the 2nd edition of the ‘ Elements,’ 
vol, i. p. 231 (1841), we shall see a sketch of an “included pin- 
nacle of chalk” resting directly upon the “ iron pan,” at Old Hythe 
Point, west of Sherringham, in which no laminated beds are shown 
between the “till” and the “pan” *, 

Between Sherringham and Cromer the Chalk, with the iron pan 
above it, in places was clearly exposed on the foreshore. There is 
evidently, as described by Mr. R. C. Taylor, in 18277, a general 
dip of the strata to the south-east. 

If after this we walk from Mundesley northwestwards towards 
Cromer, we shall find the Cromer Till here very chalky, forming the 
base of the cliffs, north-west of and close to the section of the 
famed Post-glacial river-channel. 

Further on the base was obscured by talus; but as we approached 
the “ Trimmingham bluffs” the Contorted Drift was disclosed at the 
shore-level ; and if we refer to the paper of Lyell’s already quoted, 
p- 358, we shall see a sketch showing the “laminated blue clay ” or 
“drift ” actually underlying the “ protuberance of chalk” at its right- 
hand extremity (a, fig. 1)+. Beyond this point and near to Sidestrand 
I saw clearly-exposed beds of flint gravel with laminated sand and 
clay, yellow, white, and blue; and still further on, reaching 10 feet 


* In 1864 Sir Charles Lyell writes :—“ Leonard and I have just returned 
from Sherringham, where I find that the splendid Old Hythe pinnacle of chalk, 
in which the flints were vertical, between 70 and 80 feet high, the grandest 
erratic in the world, of which I gave a figure in the first edition of my ‘Prin- 
ciples,’ has totally disappeared.”—Letter to Sir Charles Bunbury, Life of Lyell, 
vol, i. p. 441. 

t Phil. Mag. 1827, p. 286. 

{ These “Bluffs” are usually considered to be connected with the Chalk 
below, as the Chalk is exposed on the foreshore at low water ; and much inge- 
nuity has been expended in explaining the “‘contortions” or disturbance they 
have undergone, as well as their exceptional appearance and position. I have 
searched the various sections in vain for any adequate proof that these Bluffs 
are connected with the Chalk below. The evidence is all incomplete. There 
are certain facts pointing to the probability of the Bluffs being boulders, such 
as their being, so far as we can see, imbedded in Contorted Drift or Till, while 
not far off on either side lie undisturbed preglacial beds rising above the level 
. of high water. Lyell considered that the Drift and the Chalk had been simul- 
taneously disturbed, which is consistent with the boulder hypothesis, but 
difficult otherwise to understand, He also thought that they formed part of 
a larger central nucleus of Chalk under Trimmingham beacon, and that as the 
sea cut the cliffs back the exposure of Chalk would increase; instead of that, 
the northern bluff has, since his observation in 1839, diminished in length 
from 106 to 37 yards, while one bluff has entirely disappeared, I have 
shown in dotted lines 04, in fig. 1, the size of the northern bluff as 
described by Lyell in 1839, and its present size, from a sketch by myself in 1881, 
in the same figure, c. Fig. 2 is the cross section as figured by Lyell; figs. 3 
and 4 the end views as seen by me. Without in any way presuming to settle 
a matter which has puzzled such trained observers, all these facts, except the 
nearness of the Chalk on the foreshore, are to me more reconcilable with the 
boulder hypothesis than with any other. Those interested will see the case well 
stated by Mr. Jukes-Browne, Ann. & Mag. of Nat. Hist. Mr. Clement Reid’s 
hypothesis that the chalk bluffs have been pressed up by an ice-sheet from sea- 
ward seems to me to introduce more difficulties than it explains. 
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above the shore, were found a series of false-bedded gravels and 
sands, then laminated sand and clay capped by a dark loamy bed, 
together like those I have described as occurring above the “ iron 
pan” at Weybourne. 

Nearly opposite, a ferruginous pan was exposed on the shore; and 
still further to the north-west the cliffs clearly displayed 15 feet of false- 
bedded sands. It is not my wish to interfere in the controversies 
that have been raging of late among geologists in the neighbour- 
hood of Norwich regarding these preglacial beds or “ Forest-bed 
series ;”’ but for the purposes of this paper I must state my convic- 
tion that the true Drift-beds appear to rest on a pretty well-marked 
eroded surface of the preglacial beds usually known as the Forest- 
bed series ; and I see no reason to doubt that Mr. J. H. Blake * has 
at points, where eroded, discovered the remains of a true land- 
surface similar and equivalent to the ‘‘rootlet-bed” which, in 
his company, I saw remarkably well exposed at the base of the 
Kessingland cliffs. It is held by some that this “ rootlet-bed” 
does not contain the roots of forest trees; but for our purpose this 
is a matter of no moment, as even if they were roots of ferns, which 
I doubt, it will be equally a land-surface and serve just as well for a 
base-line for our drift-deposits. That it was a land-surface, after 
the diligent investigation I have carried on for years on a parallel 
subject in my own neighbourhood, I have very little doubt; but it is 
quite possible that the upper part of the bed has been eroded, and 
that the rootlets we see are the tap-roots, as they are all vertical f. 

I could parallel the rootlets pretty closely in certain stages of the 
denudation of the postglacial submarine forest-bed at the Alt 
mouth, Lancashiret. 

From the foregoing considerations it will be seen that I consider 
the lower part of the Cromer Till to represent the incoming of the 
true glacial conditions. Mr. Searles V. Wood puts the Crag at 
Weybourne with the glacial series, because it contains the shell 


* Presidential address to the Norwich Geol. Soc., Session 1879-80, p. 146, by 
J. H. Blake, F.G.S. 

t April 28, 1882.—This bed is described in a letter of Sir Charles Lyell to 
Sir Charles Bunbury in 1869. He says, ‘‘ But I wished much I could have had 
the advantage of walking with you along the Kessingland and Pakefield Cliff, 
about 50 and 60 feet high, where, at the base for more than a mile, in a 
bed of what I formerly called green till, a homogeneous unstratified clay, I 
found upright plants or shrubs standing vertical, with their roots in the same 
green soil (apparently tap-roots), also vertical and a foot or more long. In 
one place, near Pakefield, this lower stratum was laminated, and contained 
prostrate flattened trees a foot or more in diameter. Over this green till, with 
plants in situ (of which I have kept a few specimens to show you), reposes 
stratified sand many yards thick, and over this drift, with plicated boulders of 
Chalk, Lias with fossils (Avicula cygnipes), numerous Ammonites, Belemnites, 
pieces of mica-schist, sandstone, greenstone, and other rocks. It is strange to 
see this glacial drift covering the bed for a mile and a half, with trees which 
must have grown 7” si¢w, and must have sunk down so as to allow first the sand 
and then the boulder-clay to accumulate over it.”—Life of Sir Charles Lyell, 
‘vol. ii. p. 439. 

t Devaaren in Quart. Journ. Geol. Soc. 1878, pp. 447, 448, and in various 
papers in the Proceedings of the Liverpool Geological Society. 
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Tellina balthica ; but I consider, with Messrs. H. B. Woodward, J. H. 
Blake, and Clement Reid, that the presence of this one shell is an 
unsatisfactory test of the climate being glacial. No doubt the 
climate was gradually changing; but I could see no evidence of ice- 
action below the till. The generally undisturbed nature of the Crag- 
beds negatives the supposition. 


Description of the Cromer Till and Contorted Drift. 


The lower part of the Cromer Till is, in places, stratified. This 
T distinctly noticed in more than one place; andit is shown in the 
section taken at right angles to the shore (fig. 5, a) between Sher- 
ringham and Cromer. In another place I noticed that the till rested 


Fig. 5.—Section cut out by a Stream at right angles to the shore 
between Cromer and Sherringham. 
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a. Stratified till. ce. Nest of gravel. 
6. Unstratified till. d. Contorted sands and gravels. 


upon white stratified sand; and also at a point near Sherringham an 
eroded surface of black loam was capped by red gravel. It is not easy 
always to distinguish between the preglacial beds and the incoming 
glacial, especially when the base of the cliffs is encumbered with 
talus ; and even where a vertical face is to be found, if not perfectly 
fresh, it frequently gets washed over with sand from above, rendering 
it necessary to scrape it down before its nature can be disclosed. Mr. 
J. H. Blake says*, ‘‘ Where the unstratified rootlet-bed is to be seen, 
this line is very marked; but where the rootlet-bed has been en- 
tirely denuded, it is frequently not so well marked, from that and 
the following reasons. ‘There are sometimes sands &c. immediately 
above and below this bed of a similar colour and nature, which, when 
the bed itself is entirely denuded, come together and give an ap- 
pearance of a break in the series.” The till may therefore be 
described as sometimes passing down into semistratified beds, itself 
being usually unstratified, but occasionally partially so, as we see 
is also the case with the marine Boulder-clays of West Lancashire. 
Upwards it usually passes into the Contorted Drift in an indescri- 
bably confused sort of manner, but occasionally displays a very 


* Presidential Address, Norwich Geol. Soc., Session 1879-80, p. 147. 
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distinct line of erosion, which may be traced from Mundesley as far 
as the southernmost of the chalk bluffs. The Contorted Drift is a 
confused, folded-up mass of sands, gravels, and muds, which in places 
have been distinctly stratified and afterwards forced up and bent 
into the most striking convolutions (figs. 5, 6, 7). The confused 
arrangement of the beds is best illustrated by the section at right 


a Contorted drift. 66. Till. 
ce. Talus. d. Mud talus. 
ee. Stratified bands folded up and disturbed. 


Fig. 7.—Section between Cromer and Sherringham. 


angles to the shore (fig. 5) where unstratified till (6), containing a 
nest of gravel (c), rests upon stratified till (a), while horizontally the 
unstratified till passes into sands and gravels in an indescribable state 
of confusion not unlike the figure in a knotty piece of wood, as at d. 
The included boulders of primary rocks and the chalk-masses I shall 
treat separately, as well as the relations that can be traced between 
the convoluted beds and the included masses. 

The contorted drift is capped by a series of sands and well-rolled 
gravels, which Mr. Searles Wood, with his usual accuracy, has shown 
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in a section illustrating a paper “On the Sequence of Glacial Beds ” 
(Geol. Mag. Sept. 1871, p. 4 of reprint) ; but I agree with Mr. Jukes- 
Browne, and others of the Survey, in thinking that they do not lie 
in valleys of erosion. Mr. Wood calls these gravels ‘“ middle 
glacial,” a term that has been very generally adopted; but Mr. 
_ Penning says* “ If these views be correct, there is, between the Lower 

and Middle Glacial, no definite line of demarcation.” As the object 
of this paper is not to discuss the nomenclature of the drift beds, I 
will pass on to a description of the chalk inclusions. 


Included Chalk Masses. 


The simplest form of chalk inclusion is ans irregularly shaped, 
partially rounded, isolated mass, as fig. 8, A and B; a still more 
irregular and angular form is shown in fig. 8, C, an instructive ex- 
ample of what happens to these masses when the base of the drift 
gets swept away by the sea. At first sight this looks like an isolated 
pinnacle, the part ¢ standing out in relief from the cliff with 
talus at the base, a; further examination shows, however, that it 
is part of a mass 1, 2, 3, 4, 5, 6, 7, of which 5, 6, 7, 1, constitute a 
surface flush with the natural face of drift, this portion of the boulder 
evidently having split off through the removal of the drift from below. 
Fracture of the masses in this way is a frequent occurrence, arising 
from the incapacity of the chalk to support the weight of the super- 
incumbent drift when partially undermined. This fact was well 
illustrated by a landslip I observed between Cromer and Sherring- 
ham, where a portion of a horizontal chalk-mass of considerable 
proportions had slipped down bodily onto the shore, and, though 
shattered, retained generally its relative position and form. 

The next form of inclusion is an apparent aggregation of irregular 
masses, aS shown in fig. 8, D, but which have really originally been 
one mass, afterwards separated, as shown in the sketch, the cavities 
being infilled with drift apparently folding round the masses and 
penetrating them.in a very remarkable manner. Fig. 8, E,is an in- 
structive example of how this separation develops and comes about. 
The larger masses of chalk, however, are distinctly characterized by 
length and horizontality, as shown in fig. 8, F, G, and in fig. 9. 

How horizontal masses of such longitudinal dimensions could be 
conveyed and imbedded in mud and sand with so little fracture is 
one of the suggestive problems presented for our solution. From 
the position of the boulders and the nature of the cliff it is no easy 
matter, nay, often impossible, to examine them closely ; but itis plain 
to see that, as a rule, the junction of the external surface of the chalk 
with the drift in which it is imbedded is marked by laminated beds 
of the drift a fewinches in thickness enwrapping the mass or boulder, as 
shown in the numerous examples figured. The most surprising feature 
about the boulders is perhaps the length and extreme tenuity some 


* “On the Physical Geology of East Anglia during the Glacial Period,” 
Quart. Journ. Geol. Soc. vol. xxxii. p. 195. 
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Fig. 8.—Various Forms of Chalk-inclusions. 
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of these masses attain, together with the remarkable way in which 
the continuity of the chalk is preserved without disruption. This 
characteristic interested me much; and fortunately one of the best- 
defined of the boulders of this form I found to be partially within 
reach. I saw this mass on three separate occasions, and eventually 
made a coloured sketch of it on the spot, which is reproduced in fig. 9. 


ab, Beds of shells 2-3 inches thick. ce. Contorted beds of sand. 
d. Stratified sands. é. "Null. 
ff. Background of contorted drift. 


It was about 120 feet long; I judged it to be about 12 feet in its 
thickest part, thinning out gradually northwards at its lower end, 
where I measured it, to only 9 inches. This part I could reach with 
my hammer, and found it to be solid compact chalk. The flints, as 
will be seen on reference to the drawing, follow the form of the 
mass, showing that it has been to some extent bent; but I could 
discover no fractures. But the most remarkable fact I have to 
record as bearing upon the mode of its transport is that, underlying 
it, at a, was a bed of shells about 2 or 3 inches thick, consisting of 
broken valves closely packed and crowded together, and above it was 
another and similar bed 6. The mass lay at about the angle dis- 
played in the drawing. Where these shells occurred the boulder was 
underlain by contorted beds of sand (c), and above by sands (d) rudely 
stratified in the direction of the upper surface. In addition to those 
I have described are larger masses of chalk marl. It is unnecessary 
for me to describe the “‘ boulders” in greater detail. Lyell, in his 
paper in the Phil. Mag. 1840, shows also the lamination and folding 
of the drift in contact with the masses conforming to their outline. 
It must also be remembered that where the included masses do not 
occur in the drift, as at the extreme ends of the section described, it 
is much less disturbed and conyoluted in its character. 


Q.J.G.8. No. 150. R 
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Origin and Mode of Transport. 


An attentive consideration of the forms and mode of occurrence 
of these masses will, I think, throw considerable light upon their 
origin. They have by various observers been attributed (1st) to 
diluvial currents, (2nd) to icebergs, (3rd) to land-ice either as a glacier 
or ice-sheet ; but the subject is so difficult that most observers have 
contented themselves with these general statements, no attempt 
that I know of having been made to investigate the matter in detail. 
There is, I think, a general agreement among the older geologists 
that they have been floated into their present positions “ somehow ” 
by ice. 

"ht is a striking fact, and one to be duly weighed, that only rocks 
of a certain nature are found occurring of these huge dimensions in 
the Drift. The harder and primary rocks, the sandstones, gneisses, 
granites, syenites and basalts never occur in this form; they may be 
found as rounded or cubical boulders of many tons’ weight, but 
none of a size like these. In none of the sections in Lancashire 
are such masses found, nor are the beds of Drift contorted, though 
they are much fuller of far-travelled planed and grooved erratics 
and boulders and other indications of glacial action. Masses of 
Marlstone Rock-bed, of oolite, and of chalk and gault of enormous 
proportions have been described by Morris, Judd, Skertchley, Bonney, 
and others as found imbedded in the Boulder-clay in Lincolnshire, 
Rutland, &c.; but we find they possess this common characteristic : 
they are long, shallow, and narrow. They, in fact, are of just 
the form that would be taken by masses breaking off from a cliff or 
escarpment. 

The geological formations from which they are derived are dis- 
tinguished by possessing numerous springs; the beds are either 
entirely porous or they lie upon sands or clays*. 

I take it for certain that the origin of such travelled masses of 
rock is to be sought in cliffs and escarpments. Then how could 
such enormous masses be conveyed to a distance from the parent 
rock. It stands to reason that the transporting agent, whatever it 
may have been, could convey them many miles as easily as one mile. 
Professor Judd considers that some of the boulders he describes from 
the Marlstone Rock-bed have travelled not less than 30 miles, Land- 
ice, I think, is out of the question; the effect of a glacier is to grind 
its bed into an impalpable mud; and I cannot conceive any means 
by which an ice-sheet could tear up masses from the bed of the rock 
it passes over and detach them in this way. An iceberg is only the 
detached termination of a glacier or sheet of ice; and the same diffi- 
culty applies to this mode of origin, with the additional difficulty of 
requiring a great depth of water for flotation transport. 

The position of the shell-beds under and over the chalk boulder 
(fig. 9, a, 6) appears to me to show conclusively that it has been 


* Professor Judd says (Geology of Rutland, p. 265) :—‘‘ The frequent alter- 
nation within the district under description of pervious beds of limestone and 
sand with impervious clays gives rise to numerous springs,” &e. 
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quietly deposited in water. That a mass of this shape and form 
could be pushed up, enveloped in drift, by a Scandinavian or any 
other ice-sheet, and preserve its continuity undisturbed, appears 
to me to be all but inconceivable. If, then, these masses were 
detached from cliffs (which, as I have shown, their form and the 
nature of the rock of which they are composed would indicate), and if 
they have been floated to their present position, it follows that the 
depth of water in which they were rafted off cannot have been 
very great. The highest point of the Chalk in Norfolk is 650 feet*. 
The highest point from which the Marlstone Rock-bed masses can 
have been derived is from 700 to 800 feet. 

The extreme limit of depth of water could therefore, when the 
last of these masses were quarried, not exceed 600 feet above the 
present sea-level. But we must not lose sight of the fact that from 
the sea-level the Chalk has a pretty gradual slope upwards from east 
to west; therefore as the land subsided the inshore waters would in 
all cases shallow towards the cliff. 

It really then resolves itself into a question of “ launching ;” and 
when we are confronted with the fact that a mass of solid chalk 
in some cases as big as the Great Eastern has to be quarried out of 
the natural bed and quietly deposited with little derangement at the 
bottom of the sea or on the nearest submarine bank, it forms a 
problem for solution in geological engineering of a very interesting 
nature. 

It is easy to see, in the case of strata like the Marlstone Rock-bed 
resting upon strata of a different nature, that ordinary landslips would 
detach masses from the parent rock, which might afterwards be 
conveyed by ice to a distance. But with regard to the Chalk the 
case is rather different. ‘The masses in the Norfolk Drift appear to 
be homogeneous; so that an ordinary landslip hardly meets the case. 
We know, however, that the Chalk is full of potholes and fissures ; 
and any crack that opened in the top ofa cliff might be opened further 
by intrusive ice. Until last winter I never realized the fact that 
ice could be intrusive ; but then I observed, and described in a letter 
to ‘ Nature,’ how water held up in the sandhills and percolating 
therefrom could insinuate itself into hard peat in the form of ice, and 
split it off in great sheets, one of these I measured being 16 feet 
long, 8 feet wide, and 8 inches thick, as flat as a flagstone, and 
containing a wedge of ice throughout its whole superficial extent. 
In a similar manner I conceive the water held up in the porous chalk 
would insinuate itself into any latent fissure or line of weakness or 
joint, and, gradually increasing by percolation and by water from 
melting snow, force out and detach masses of enormous proportions ; 
also such streams of water issuing from the chalk might freeze 
into accumulated masses of ice about the detached rock. Pack ice 
driven onto the shore and piled up over and around it, and then in 
winter frozen into a sheet or ice-foot, might assist the accumulation 
until a raft were formed sufficient to float off boulders of the largest 


* Penning, Quart. Journ. Geol. Soc. vol. xxxii. p. 191. 
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dimensions*. That ice can accumulate on land in an enormous mass, 
not as a glacier, is well shown by W. H. Dall, in the description of 
what he saw in Alaska in the vicinity of Bering Straitst. After 
describing ice-cliffs with interstratified beds of clay and vegetable 
matter, rising in two faces about 30 feet high each, he proceeds to 
explain that about a mile from the sea the ice formed a ridge about 
250 feet above high water, and observes :—‘“ That is to say, it appeared 
that the ridge itself, two miles wide, and 250 feet high, was chiefly 
composed of solid ice overlaid with clay and vegetable mould.” In con- 
clusion, Mr. Dall says “the formation of the surrounding country 
shows no high land or rocky hills from which a glacier might have 
been derived and then covered with débris from their sides. The con- 
tinuity of the mossy surface showed that the ice must be quite desti- 
tute of motion; and the circumstances appeared to point to one conclu- 
sion, that there is here a ridge of solid ice, rising several hundred feet 
above the sea and higher than any of the land about it, and older 
than the mammoth and fossil horse, this ice taking upon itself the 
functions of a regular stratified rock. The formation, though visited 
before, has not hitherto been intelligibly described from a geological 
standpoint. Though many facts may remain to be investigated, and 
whatever be the conclusions as to its origin and mode of preservation, 


it certainly remains one of the most wonderful and puzzling geolo- 
logical phenomena in existence.” 


* April 28, 1882.—Since this paper was written, Mr. H. B. Woodward, 
F.G.S., has kindly allowed me to read the proof of his forthcoming Survey 
Memoir on the Geology of the country about Norwich. In this he gives sections 
and a detailed description of the “disturbed chalk at Trowse.” The pit in 
which the sections occurred is on a range of low hills bordering the river Yare. 
Two sections are given in parallel planes twenty yards apart. One (fig. 24) shows 
disturbed chalk with lines of flints bent upwards in a south-easterly direction, 
at an angle of from 35° to 40°, having a vertical south-easterly face, against 
which is banked up a mass of reconstructed chalk containing drift-pebbles. The 
other shows a disturbed mass of chalk containing sandy pockets, and having an 
irregular vertical overhanging face, against which the reconstructed material, 
consisting of contorted laminated loam and marl, rubbly chalk and sand, recon- 
structed chalk, &c., abuts, and is apparently forced underneath the overhang in 
a tongue-like form. Mr. Woodward satisfactorily shows that the disturbance 
is not of preglacial origin. He also says, “In the neighbourhood of Norwich 
the disturbed or glaciated chalk is seen in the pits bordering the rivers.” It 
appears that these disturbances are of frequent: occurrence in such situations. 
Mr. Woodward points out that mammalian remains are frequently found in the 
disturbed chalk; they include the mammoth, the red deer, and a species like 
the roe-deer. All these facts point to a subaerial origin; and the position of 
most frequent occurrence being the banks of river-valleys is very suggestive. 
It is here, by drainage through the strata, that the intrusive subaerial ice would 
be capable of splitting, wedging off, and disturbing portions of the chalk; and 
during this time it is quite possible the mammalian remains may have been 
introduced. As the land became submerged some of these detached masses 
might be rafted off in the manner I have described, while some few might 
remain at their place of origin. Mr. Woodward says (p. 137), “It has been 
hinted that the disturbance at Trowse might have been due to the ice haying 
acted on some irregularity in the ground, impinging perhaps on an old cliff 
which formed a local bar.” 

+ “Wotes in Alaska and the vicinity of Bering Straits,” American Journ. of 
Science, February 1881, p. 107. 
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This shows that ice may accumulate on land in a way we had 
none of us before realized; while, on the other hand, Mr. Trimmer 
points out that ice in an extensive sheet of considerable thickness 
may remain even submerged. He says*, ‘‘Sir Edward Parry found for 
miles along the coast near Melville Island a dark blue stratum of 
solid ice, imbedded in the beach at the depth of 10 feet under the 
surface of the water. ‘The ice,’ he says, ‘had probably been the 
lower part of heavy masses forced aground by the pressure of the 
floes from without, and still adhering to the viscous mud of which 
the beach is composed, after the upper surface has in course of time 
dissolved.’” 

Dr. J. Rae describes how at Repulse Bay, during the spring of 
1847, boulders situated at low-water mark were frozen into floe ice, 
and, being lifted by the rise and fall of the tide (which was from 6 
to 8 feet or more), became eventually encased in the ice, which he 
found by measurement to attain a thickness of more than 8 feet. In 
the spring, by the double effect of thaw and evaporation, the upper 
surface of the ice was removed, so that the stones that were formerly 
at the bottom of the sea now appeared in the surface of the ice as if 
dropped there from a cliff” (Arctic Manual, 1875, p. 651). 

Mr. Osmond Fisher calculates (Geol. Mag. 1868, p. 550) that 
flotation cannot take place unless the earthy matter does not exceed 
one twentieth in bulk of the whole mass. If, therefore, a mass of 
chalk 600 feet x 60 feet x 60 feet is to be rafted off, it would 
require ice equal to 43,200,000 cubic feet, including the rock, to effect 
it, or a combined mass 1200 feet long by 600 feet broad and 60 feet 
thick. That such a raft is a possibility, it would be difficult to deny. 
With an ice-raft of this nature resting upon the inclined plane of a 
shore, and subject also to the lifting-power of the tides, it is not 
difficult to conceive how such a mass once set in motion would 
launch itself out to sea. 

In some such way, I conceive, the puzzling “ boulders” have 
been derived and transported ; and it is readily realizable that, with a 
large superficial raft of ice, the melting-power of the sea-water acting 
on an extensive surface might soon cause them to founder. But in 
many cases the sinking has been very gentle; or the mass would be 
more fractured than itis. I conceive that frequently the boulder has 
sunk with a great bulk of ice attached to it. But the vertical displace- 
ment which such weights would undoubtedly cause is not in my 
opinion sufficient to account for all the contortions of the drift in 
which we find them imbedded. Sections figs. 5, 6, 7 will, I think, 
serve to convince the most sceptical that lateral force has had a great 
deal to do with the folding of the strata. I conceive that the Drift 
of Cromer formed a large submarine bank, and that the sea was 
sufficiently shallow to allow of the ice-rafts and their burdens often 
grounding. 

If this be so, it is not difficult to see that the impact of a mass of 
ice and rock weighing one million two hundred thousand tons would 
be quite sufficient to disturb, bend, fold, and contort the stratified 

* Quart. Journ. Geol. Soc. 1851, p. 22. 
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beds of yielding mud, clay, sand, and gravel. If such ice-masses 
with their burdens sank into yielding mud vertically, or were driven 
into it by lateral pressure, the melting of the ice encircling the 
boulder might account also for some of the contortions of the sur- 
rounding beds. I have shown that the drift frequently has an 
apparent stratification concentric with the surface of the boulder, 
and not only encircling, but frequently penetrating it. 

The enclosing matrix of ice as it gradually melted would be me- 
chanically replaced by particles of the surrounding drift; and in 
this way it is quite likely that the concentric foldings of the drift 
around the boulder were induced. It is also not unlikely that, if 
the chalk-mass were fissured ever so slightly by the fall or deposition 
on an uneven bed, percolation of water would, while removing the 
chalk in the walls of the fissure, introduce at the same time fine 
particles of drift, and so produce that remarkable interpenetration of 
the chalk with laminated drift we so frequently see, as well as 
assist to produce in these separated masses rounded contours (see 
her 8) A,B DIM, 

If the boulder was formed and conveyed as I suggest, the chalk, 

no doubt, at the time would be frozen hard through its entire 
substance. The gradual thawing of it would, I surmise, while pro- 
ducing a sort of disintegration of the particles, render it, under the 
pressure and weight of drift above, partially plastic. In this way 
we may account for the bending of the larger masses without 
fracture, as is often shown by the wavy line of flints they contain. 
. It was my good fortune to see a mass of chalk capped with drift 
that had slipped down onto the shore. Though shattered, it pre- 
served its form; and I could quite believe that under favourable cir- 
cumstances it might again be consolidated into firm chalk. Butsome 
of these masses, notably the one shown in fig. 9, are of such extreme 
tenuity that the only feasible explanation of their preservation intact 
appears to be this :—that, after deposition, the mass has been exposed 
on the upper surface to the action of the sea, which has thinned it, 
or dressed it off, into the shape we see, before the drift above was 
deposited upon it. Thesame figure seems to point to this conclusion ; 
for underneath is a bed of closely packed shell-fragments, and above, 
on nearly the same slope, another. I can see no escape from the 
conclusion that the upper shell bed was deposited in this manner. 
The underlying one may have been disturbed by the deposition of 
the boulder, and so pushed up from an originally more level plane ; 
and the contortions of the sand underneath would seem to point to 
this disturbance having taken place. 

My conclusions may therefore be summed up in this way :— 

That the travelled masses were derived from sea-cliffs ; they were 
landslips aided by the penetration of water forming ice intrusive, in 
fissures, which forced and quarried them from the parent rocks. 

That water issuing from subterranean sources accumulated in ice 
round the fallen masses, and then was united and frozen into the 
shore-ice. 

That ice-floes driven onto this mass would often get frozen into 
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it, combinedly forming a raft quite capable of floating away any 
boulders we are acquainted with. That the natural incline of the 
shore, aided by the rise and fall of the tides, on the breaking up of 
the ice at the approach of summer, would be equal to launching 
into the sea the entire raft, which has probably in most cases floated 
off in water not more than a couple of hundred feet deep. The 
whole arrangement of the bank and the materials of which it is com- 
posed appear to me to point to shallow-water conditions during its 
formation. : 

The masses of Marlstone Rock-bed on the west side of the Oolitic 
escarpment have probably, as pointed out by Professor Judd, been 
derived from the highest points, in which case they would be floated 
into as much as 600 feet of water ; one of them is stranded on Beacon 
Hill. They appear to be isolated objects, such as we should expect if 
they foundered in deep water without stranding, through the melting 
of the ice raft and consequent insufficiency of flotation-power. But 
the frequency of these boulders and their accumulation in the Cromer 
drift points to their progress having been arrested by the shoaling 
of the water and by stranding on a submarine bank. 


Discussion. 


Dr. Gwyn Jerrreys asked if the author had named the shells 
found, and pointed out the desirability of their being examined, 
especially with respect to Tellina balthica. 

The Presrpent stated that Mr. Clement Reid had carefully col- 
lected all the shells of these beds, and that they would be described 
in a memoir of the Geological Survey. 

Mr. Evans expressed his interest in the paper, and his admiration 
of the care with which the author’s conclusions had been worked out. 
He referred to the Chalk of the Roslyn Pit near Ely, and to masses 
of transported Boulder-clay imbedded in softer material already 
deposited. 

Prof. Jupp said he agreed with the author in believing that such 
enormous transported masses must have been conveyed by floating 
shore-ice, and could not have been carried by any form of land-ice 
or iceberg, 

Mr. Drew thought that the author’s views were well worthy of 
consideration. He had himself seen in Tibet spring-water accu- 
mulating and freezing till it formed masses of ice many acres in 
extent and from 8 to 10 feet thick, which appeared to last all through 
the summer. 

Rey. E. Hiit found it difficult to understand how the rock- 
masses could be separated from cliffs without being overturned. 

Prof. Hueues said that he had himself seen agencies at work 
in this country which, on a slightly larger scale, would explain 
all the phenomena described by the author. In the landslips near 
Lyme Regis, in the Isle of Sheppey, and along the river Clwyd, 
masses of rock and drift slide down without being much disturbed, 
and often remain right side up. Then, as to transport, he had seen 
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last winter in the estuary of the Dee masses of snow-laden shore- 
ice packed under the action of stream and tide, and frozen into one 
solid mass 12 feet thick, so that large vessels were icebound. When 
this broke up, ice rafts were formed some hundred feet in length and 
capable of carrying an enormous load of rock. The separate layers 
were often full of stones, sand, &c., which must have settled down 
irregularly when the ice melted. 

Prof. Bonney said that such falls of rock now took place in the 
Arctic regions before the breaking up of an ice-foot. He thought 
the nature of the fragments in English Boulder-clay pointed to their 
being shallow-water formations. 

Mr. Crement Ret, in reply to a question from Mr. B. B. Wood- 
ward, said that the chalk, from its fossils, had evidently been derived 
from no great distance. He added that the fossils in the sands lying 
on the boulders referred to are all fragmentary, and he did not 
regard them as contemporaneous with the deposition of the beds, 
but as derived from an older deposit. 
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25. On some Sections of Lincotnsurre Neocom1an. By H. Kzxpine, 
Esq., of the Woodwardian Museum, Cambridge. Communicated 
by W. Keepine, Esq., M.A., F.G.8. (Read February 22, 
1882.) 


Durine the excavations in some of the heavy cuttings required for 
the Louth and Lincoln railway I had the good fortune, in 1872, to 
discover a rich locality for the fossils of the Ironstone of this 
district. The fossils found were deposited for the most part in the 
Woodwardian Museum, though some were contributed to other 
collections. 

I have revisited the locality at various times, once in company 
with my son, Mr. W. Keeping, M.A., now of York Museum ; so that 
I have had good opportunities for the study of the fauna of these 
beds. 

As it has been suggested to me that the cuttings must be getting 
obscure, through the growth of grass on their slopes, and that it 
would be desirable to put on record the facts observed, I again last 
summer visited the railway-cuttings and also the excavations for 
iron-ore near Claxby. ‘The state in which these openings now are, 
the rapid way in which the beds are becoming hidden by over- 
growth, has convinced me that the notes which we have made on 
the exposures may probably be worth preservation, notwithstanding 
their incompleteness. They are offered therefore without hesitation, 
but at the same time with a full sense of their partial and cursory 
character. 

The Neocomian beds of the district have been well described by 
_ Professor Judd in his essay ‘“‘ On the Strata which form the Base of 
the Lincolnshire Wolds” *; indeed to this important work we owe 
our knowledge of the three members of the group, the fossil fauna 
of the limestone or middle divison, and even its separation. from 
the’ Jurassic deposits, with which it seems to have been formerly 
confused. There is the less need therefore for any formal descrip- 
tion ; and I shall limit myself to a few remarks on excavations made 
since 1867, and on fossils supplementary to Professor Judd’s list. 

In the paper referred to (/. c. p. 243) the Neocomian beds are 
divided into:—1. Upper ferruginous sands ; 2. Tealby series, alternate 
beds of sandy clay and limestone; 3. Lower sand and sandstone. 
They were well seen at the workings for iron-ore near Claxby. 
The works are suspended at present so far as the iron-ore is 
concerned ; the mining is effected by an adit driven into the side of 
the hill, in the thickness of the iron deposit. 

The iron-ore beds, about 9-13 feet thick, are extremely rich in 
fossils, but in a bad state of preservation. 


* Quart. Journ. Geol. Soc. vol. xxiii. pp. 242-257 (1867). 
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In ascending order (see fig. 1), at the base is Kimmeridge Clay. 
This is well seen here, the junction with the Lower Sands and Grits 
being exposed at that portion of the excavation where they are 
now digging sand for the foundries and in the tram-incline. The 
uppermost beds are laminated bituminous flaggy shales, the “slaty 
and shaly bed” of Prof. Judd (l.¢. p. 248). They are blackish- 
brown in colour; they have the characteristic appearance of bitu- 
minous Kimmeridge shales, and contain several distinctive fossils, 
such as Belemnoteuthis antiquus, Pearce, Ammonites biplex, Sow., 
fine var., Discina latissima, Sow., also a Posidonomya, Pecten, and 
Astarte. 


Fig. 1.— Diagram of Claxby Ridge. 


a. Lower Grits and Sands. 4. Ironstone. ec. Grey clay with nodules. 
d. Tealby Limestone. e¢. Upper Sands, 


Below the hard flaggy shales are strong sticky grey clays. 
There are fully 250 feet (by barometric measurement) of these 
Kimmeridge beds down to the floor of the valley by the railway. 

In places at junction with the Neocomian sand phosphatic 
nodules may be found at the base of the latter. 

The Lower Sand and Grits (a) consist of various shades of greenish 
and brown-green: the sands are coarse and contain the black-coated 
grains so common in the Carstone ; sometimes the sands are 
mottled with spherical brown patches, which in the consolidated 
sand-rock weather out with concentric structure, as mentioned 
by Prof. Judd (l.¢. p. 248). The bands of grit in the sand are 
rather discontinuous. At the top of the sands is one bed about 2 feet 
thick, which is fairly constant all along the terraced ridge from 
Nettleton: itis fossiliferous ; but the fossils are difficult to extract 
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when the bed is hard; and if soft, the test is usually dissolved, and 
only a mould remains. ' Ue a 

The junction of the lower sands with the Kimmeridge Clay was 
also well seen in a cutting a few hundred yards E. of 8. Willing- 
ham station (fig. 2). Here the greenish sands, where they le on 
the flagey Kimmeridge shales, contain at their base a line of phos- 
phatic nodules. 


Fig. 2.— Diagram of Railway-cutting, E. of S. Willingham Staton. 


a. Kimmeridge Clay. 0. Line of Septaria. ¢. Line of phosphatic nodules in 
d. Lower Sands. e@. Surface soil. 


In the memoir referred to, it is suggested (l.¢. p. 248) that about 

Market Rasen the lower sand and sandstone formed extensive 
rabbit-warrens and fir plantations, some of which have been 
brought into cultivation. We are however of opinion that these 
tracts are covered by a sand of quite a different description, viz. a 
member of the drift series; we think a consideration of the level 
up to which the Kimmeridge Clay occurs above the valley—over 
200 feet, will make this apparent; moreover the last-mentioned 
sands differ lithologically in a marked manner from the Neocomian 
sands. ; 
These lower sands in the excavations near Claxby are 24 feet 
thick. The fossils obtained from them are the following :—Belem- 
nites, sp., Ammonites Kenigi, Sow., A. plicomphalus, Sow., and 
others; species of Chemnitzia, Phasianella, Pleurotomaria, Trochus, 
Crepidula, Pileopsis, and Natica; Pecten Cottaldinus, d’Orb., P. or- 
bicularis, Sow., Cucullea donningtonensis, Keep., MSS., Cardium 
subhillanum, Leym., Trigonia Keepingi, Lyc., T. tealbyensis, Lyc., 
T. ingens, Lyc.; species of Inoceramus, Avicula, Arca, Tellina, 
Iucina, Cytherea, Thetis, Astarte, Myactes, Pholadomya, Lntho- 
domus, &c. 

Above them is the iron-ore (fig. 1, 6), an argillaceous ironshot 
limestone, 7. e. full of dark-brown oolitic grains of iron oxide, 
with some streaks nearly all clay and devoid of the iron grains. 
This set of beds is 9-10 feet thick, and may be followed in the 
escarpment all the way from the north or Nettleton end of the 
ridge. 

The two terraces of the escarpment formed by the harder beds 
are a marked physical feature of this ridge. 

The fossils of the Ironstone differ somewhat considerably from 
those of the clays and limestone above, and are much more 
numerous. ‘They are included by Prof. Judd in his ‘‘ Tealby Series.” 
The following is a list of them :——Belemnites lateralis, Phil., B. 
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quadratus, Rom., Belemnites, sp., Ammonites noricus, Schl., A. pli- 
comphalus, Sow., and several other species; Pleurotomaria neoco- 
meensis, d’Orb., Pleurotomaria, sp.; species of Trochus, Turbo, 
Neritopsis, and Emarginula ; Pileopsis neocomeensis, Gardn., Ostrea 
frons, Park., var. macroptera, Sow., Exogyra sinuata, Sow. ; L. Tom- 
beckiana, d’Orb.; Pecten conctus, Sow.; P. striato-punctatus, Rom. ; 
Pecten, sp.; Avicula macroptera, Rom. ; Lima Tombeckiana, d’Orb. ; 
Lima, sp.; Trigonia ingens, Lyc.; Astarte robusta, Lyc.; species of 
Modiola, Cucullea, Tellina, Astarte, Mactra (?), Sphera, Cyprina, 
Myacites, Pholadomya, and Sowerbya; Serpula lophiodes, Goldf. ; 
S. gordialis, Schl. ; Nucleolites, sp.* 

Above the Ironstone are seen at least 18 feet of grey clay (fig. 1, c), 
with scattered nodules containing macrurous Crustacea (Meyerra 
magna). These clays are fairly fossiliferous; but dry weather is 
required for collecting from them. 

Near Donnington station is a brickyard exhibiting similar clay, 
30 feet in thickness, containing Belemmites lateralis, B. jaculum, 
Exogyra sinuata, Meyeria magna, and Serpula. This greater thick- 
ness of clay seems counterbalanced by an absence of limestone here. 

I regret that my notes are imperfect as to the limestone above 
(fig. 1,d); and details as to the precise thickness of the clays inter- 
bedded with the Grey Limestone are wanting; but, from a barometric 
observation made during the last visit, I conclude that between the 
last bed and the top of the Grey Limestone 35 feet of beds inter- 
vened, and above the limestone were about 15—25 feet of the un- 
fossiliferous Upper Sands (e). In former years these upper beds 
were much better exposed than they are at present at Claxby. 


The above section gives a thickness of the Neocomian here of 
113 feet. 


Inst of Fossils from the Clay and Limestone. 


Belemnites jaculum, Ph.; B. lateralis, Ph.; Belemnites, sp.; Am- 
monites Carteront, d’Orb., var.; Crioceras asterranum, d’Orb., var. ; 
species of Rostellaria, Scalaria, Actewon; Pecten cinctus, Sow.; P. 
orbicularis, Sow.; Pecten, sp.; Avicula or Inoceramus; Perna Mul- 
leti, Desh.; P. Ricordiana, @Orb.; Lima longa, Rom., and 
several others; Zrigonia Robinaldina, d’Orb.; 7. Keepingi, Lyc. ; 
T. aleformis; Trigonia, sp.; Cyprina angulata, Sow. ; Pholadomya 
Rauliniana, dVOrb.; Pholadomya, sp.; species of Arca, Nucula, As- 
tarte, Myacites, Panopea, &c.; Holaster, sp.; Meyerra magna. 

So-called red chalk forms the next succeeding bed. 


* (Note added on proof.) The following species of Brachiopoda were col- 
lected from the Ironstone, but were mislaid and forgotten for a time :— 


Waldheimia tamarindus, Sow., var. Terebratula depressa, Lam. 
tilbyensis, Dav. prelonga, Sow. 

Walkeri, Dav. Rhynchonella multiformis, Rom. 

faba, d’Orb., non Sow. — Walkeri, Dav. 

hippopus, fom., var. tilbyensis. lineolata, Ph. ? 

Terebratula sella, Sow. speetonensis, Dav, 

depressa, var. cyrta. 


wu 
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On the Lincoln and Louth railway is a cutting (fig. 3), near 
Benniworth-Haven House, which shows a thickness of 20 feet of 
sands, surmounted by the Ironstone about 9 feet in thickness. 
From the latter I have obtained a richer suite of fossils than from 
anywhere else in the district; they are not equally fine throughout 
the deposit, but are best preserved in a seam near the base. 


Fig, 3.—Sketch of Benniworth-Haven Cutting. 


a. Lower Sands. 6. Ironstone. c. Soil with flints from the drift. 


For the accompanying sketch of Benniworth-Haven cutting I am 
indebted to Mr. W. Keeping, M.A. Three divisions of the ironstone 
may be noted, viz.:—(1) the better bed as described ; (2) lighter- 
coloured, more argillaceous, and with cuboidal fracture ; (3) brown 
crumbling stone. 

The Upper Sands are usually said to be unfossiliferous ; we have 
been also unsuccessful in finding fossils therein, except in the phos- 
phatic nodules; these are fragmentary, probably derived, and 
scarcely specifically determinable. The following genera, however, 
occur—Ammonites, Plewrotomaria, Requienia?, Modiola, Oyprina?, 
Myacites, Pholadomya?, and Pholadidea. Lithologically, these no- 
dules agree exactly with those from the Neocomian beds of the 
Bedford and Cambridgeshire area. 

The Upper Sands are well seen in the cutting at the west end of 
Witheall tunnel (fig. 4). 


Fig, 4.—Sketch of Cutting at West End of Withcall Tunnel. 
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a. Brownish and reddish-brown sands. 6. Band of phosphatic nodules. 
c. Line of ferruginous concretions. d. Red Chalk, 9 feet. 

e. Greyish-white chalk, 8 to 15 feet above the tunnel. 

f. Rearranged red and white chalk. 


Fully 30 feet of the Upper Sands are here exposed; they are very 
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ferruginous, reddish-brown in colour, and contain scattered phosphatic 
nodules in a broad band as indicated in the sketch. 

The sands vary in coarseness in different layers; in some the 
rolled quartz is larger than peas; the black pebbles and grains so 
common in the Potton district and in the Norfolk Carstone are also 
abundant. 

At first sight it would appear as if in this section the Red Chalk 
(Hunstanton Chalk) were unconformable to the Neocomian; but it is 
not so; otherwise the White Chalk would have to be considered 
unconformable to the Red. The appearance of the Chalk not being 
affected by the slips which have dislocated the sands, and the apparent 
overlapping of the Chalk, are merely Jocal effects due to the form and 
slope of the hill in combination with denuding action causing a 
slight rearrangement. 

The difference between the Red Chalk of this section, which is on 
the horizon of that of Hunstanton, and the pinkish chalk of the 
Louth area, which is seen to the east of this tuunel, has been well 
pointed out by Prof. Judd. 


Discussion. 


Mr. Tawney remarked on the importance of the discovery of well- 


preserved fossils from the Benniworth-Haven cutting. He agreed. 


with Mr. Keeping as to the age of the sandy beds near Market 
Rasen. 

Prof. Sperry asked if the section did not contain representatives 
of the Kimmeridge, Portland, and Purbeck, as well as Neocomian. 
He remarked that the Portland, as it passes northward, loses its cal- 
careous characters, and becomes sandy in character. William Smith 
appears to have regarded these beds as being of Portlandian age. 

Prof. Jupp remarked that we were greatly indebted to the author 
for detailed descriptions, with lists of fossils, of railway-cuttings which 
will soon be overgrown and rendered obscure. He noticed the remark- 
able absence of forms of Brachiopoda from the localities examined 
by Mr. Keeping, while he had himself found a considerable number 
of very curious and characteristic Neocomian forms*. He stated 
that, in the district where his own section was drawn, downwash 
from the Lower Sand and Sandstone covered considerable areas of 
the Kimmeridge Clay. In reply to Prof. Seeley he stated that the 
fossils of the Tealby Series agree most closely with those of the 
Middle Neocomian of the Continent. 


* See footnote, p. 242. 
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26. On the Upper Bens of the FiresHiRe CoaL-MEAsuRES. By Epw. 
W. Brynner, Esq., F.R.S., and Jas. W. Kirxpy, Esq. (Read 
January 25, 1882.) 

[Prats VI.] 


Overtyine the profitable portion of the Fifeshire Coal-measures 
there is a series of red barren beds, of which we have not seen any 
description. Possibly Mr. Howell refers to similar measures, as 
occurring in Mid Lothian, in the Edinburgh memoir of the Geolo- 
gical Survey (pp. 110, 111); and since the date of that memoir an 
upper series of beds, evidently identical with that of Fife, has been 
recognized by the Geological Survey in Lanarkshire, and described 
as a separate subdivision (d5') of the Coal-measures *. 

The best exposure of these red measures in Fife is on the coast 
from the mouth of the Leven to East Wemyss. Having somewhat 
carefully examined this section, we shall notice it briefly in detail 
—first as to the succession of strata, and afterwards as to the fossils 
found in them—and so give some account of the series. 

The section in question forms part of the Wemyss coal-field, 
which, with the smaller adjoining fields of other lairds, is the most 
northerly piece of true Coal Measures existent in Britany. The 
dip of the strata is easterly, rarely exceeding 10°, generally less ; 
and as the trend of the coast is north-east and south-west, a section 
in descending order is to be observed by traversing the shore from 
the Leven westward. 

The highest rock seen near the Leven is a red and purplish sand- 
stone, which is well exposed opposite to the village of Innerleven, 
and which extends westward 600 yards or more, near to Methil. 
It is a softish rather fine-grained rock, lying apparently rather flat, 
though the amount of inclination is not always easy to see, owing to 
irregular bedding At the lowest water of spring tides it is seen 
extending seaward ; so that its full thickness is evidently not shown. 
Towards the west it is usually more or less covered with sand; and 
it is only after storms or the prevalence of certain winds that this 
portion of it is exposed. Its thickness is estimated at fully 200 
feet. 

(This sandstone is considered to be part of the Coal-measures, as 
it apparently dips with the underlying beds ; but we have observed 
no fossils in it, and it may possibly belong to a later formation. It 
is certainly the highest paleozoic rock (sedimentary) seen in Fife ; 
and it may be assumed that still higher measures may come into 
the dip, seaward, beneath the Firth of Forth, that may be Permian.) 

About 12 feet of soft red marl lies below the sandstone ; but it is 
rarely seen. From beneath it rises a red marly sandstone of very 


* Explanation of Sheet 23, p. 17; and of Sheet 31, p. 11. 

+ The great bulk of the coal wrought in Fife comes from the middle por- 
tion of the Carboniferous-Limestone series, and in quality it is fully equal to 
that obtained from the true Coal-measures. . 
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irregular structure, and full of light-coloured slightly calcareous 
concretions. It passes underneath into a bright red false-bedded 
sandstone, which ranges behind and beneath the east pier at Methil. 
The fairway of the harbour is said to occupy the place of a soft 
stratum which we have not seen. Then comes in the thick mass 
of red sandstone (stained with yellow atthe top) that forms the 
Beacon Rock to the west of the fairway. This sandstone is fully 
30 feet thick, thus making nearly 290 feet of measures from the 
commencement of the section. 


Following come about 100 feet of marl, fireclays, and shales, 


with thin sandstones, all of which are more or less red in colour. 
The marls are often marked with green spots, and contain calcareous 
concretions ; and the fireclays are, in places, variegated with yellow 
and purple. Remains of plants occur in some of the beds *. 

Below the latter series of strata is about 8 feet of purple and 
grey sandstone, which is hard and calcareous. Afterwards come 
20 feet of red and grey shale and fireclay, with two thin and very 
coarse coals or black bands, and several thin bands of argillaceous 
limestone. The remains of fish, Limuloid crustacea, and plants are 
found in these beds. 

Two or three feet of calcareous sandstone follow, and then nearly 
50 feet of red, pink, purple, and grey shale, enclosing three or four 
bands of argillaceous limestone and a thin bed of sandstone, having 
for base a bed of hard red and greenish calcareous sandstone, from 
two to three feet thick, and of very irregular bedding and structure. 
In these beds occur the remains of fish, mollusca, and plants. 

The rocks we have noticed west of the Beacon rock at Methil are 
all seen in irregular succession within a distance of 600 yards of 
the harbour. 

A series of faults then disturbs the sequence of the strata, and 
causes many repetitions of some of the beds. At one or two places 
lower strata are seen, as a little to the west of Muiredge Den, where 
a thick red marl (with green spots) and some yellow sandstone are 
seen underlying the bed of hard calcareous sandstone. ‘The dis- 
turbed ground continues to near the west end of Buckhaven Links, 
where, on the west side of a large fault, the two thin coals with 
shales, and a thick red sandstone overlying (forming the rocks 
known as the Broadhills), are thrown again into section, and seen 
for the last time. 

Between the point last named and Buckhaven the strata are 


* In some of the fireclays are cylindrical pieces of grey limestone from 
10 to 12 inches in length and an inch in diameter, resembling in form the root- 
lets of Stigmaria, and occurring in a vertical position. One of them, on 
analysis, gave :— 


Carbonate of lime... ...:....<s00+«« 50°61 
Allommitrg 0. cise toe eeteceeeree 16°29 
Magnesia. vccschasterenetereoaeee 17-57 
Silieaic cccxdeiste. pee ee eee 6:16 


Oxide, of irom )* 2dcpsentedsaene-6e 0:47 
+ Apparently the sandstone No. 27 of detailed section (p. 253) locally 
thickened. 
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masked by sand, except at one place, where the three-foot bed of 
calcareous sandstone comes up and forms a narrow reef. At the 
east end of Buckhaven the rocks again come to the surface, and 
form a continuous section westward. The first rock seen is a yellow 
sandstone, which is considered to be the same as that observed 
below the red marl west of Muiredge Den. About four feet of red 
marl underlies it: and then follows a thick bed of light red sand- 
stone. This latter rock is coarse and gritty, and contains white 
quartz pebbles. 

Repeated alternations of sandstone and shale and fireclay follow ; 
and these form the rocks that are exposed in front of Buckhaven. 
The sandstones are yellow, red, and purple ; and the fireclays (which 
prevail) and shales are red, purple, yellow, and white, and often 
finely variegated. ‘Two bands of ochre occur in the upper portion 
of this series; and in other places some of the fireclays are very 
ochreous. The thickness of this set of beds is 100 feet. One of the 
shales contains the remains of Calamites; but as a rule the beds 
appear to be unfossiliferous. 

Immediately to the east of Buckhaven Harbour a thick reef of 
sandstone rises from under the strata just noticed. This rock is red, 
purple, and whitish in colour, soft and thick-bedded, rather coarse 
and pebbly towards the base; and it is about 30 feet thick. Within 
the harbour are numerous strata of red, yellow, and white shale or 
fire-clay, and red and white sandstone, some of which are seen in 
the low cliffs just above the west pier. 

For 500 yards or more west of Buckhaven the prevailing rock is 
fireclay, with here and there thin and irregular beds of sandstone. 
The latter are red and yellow in colour. The fireclays are red, 
purple, yellow, and white, of various bright shades, and most 
beautifully variegated *. These beds (which lie very flat) are esti- 
mated to be about 130 feet thick. 

A thick mass of red sandstone now comes to the surface, and 
continues in section for nearly a mile, owing to the trend of the 
coast being here almost parallei with the strike. This rock is soft, 
sometimes coarse, and with pebbles of quartz and shale, lami- 
nated in places, and much false-bedded. Its thickness is apparently 
not less than 100 feet. It is well exposed both between tide-marks 
and in the cliffs to the east and west of Kast Wemyss. 

To the west of Kast Wemyss, below the red rock, the measures 
take more the appearance of coal-bearing strata; and further on 
still, near to West Wemyss, workable coals come to the surface; 
but to these measures we need not at present allude, as we look 
upon the thick red sandstone last described as the base of the upper 
group of beds. 

From the red sandstone at the mouth of the Leven to the red 
sandstone at Kast Wemyss there appears to be a thickness of over 
900 feet of strata, with possibly other still higher beds continued 
beneath the sea. 


* After a gale, when these fireclays have been swept bare of sand, the colour- 
ing is something gorgeous. 
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These upper beds are again seen on the coast to the east and west 
of Largo Harbour; but the section is not so consecutive or so ex- 
tensive as the one we have noticed. Occasional outcrops of some of 
the beds are also to be seen by the sides of the dens that run inland 
from the coast. In former times various sinkings were made in 
them to the ochre-beds, which mineral appears to be the sole com- 
mercial product of the series; and the working of it is now 
abandoned. 

Quite recently the Fife Coal Company have sunk through over 
500 feet of these red measures near to Leven, and very successfully 
won the Chemise Coal at a depth of 870 feet from the surface. The 
section penetrated at these pits commences in the red shales 
(No. 47, p. 254) lying some little distance below the thin coals to 
the west of Methil, about 430 feet beneath the top of the sandstone 
at the mouth of the Leven, thus indicating an aggregate thickness 
for these beds about the same as we have arrived at for the coast 
section *. 

In Lanarkshire and Ayrshire the Geological Survey have observed 
a slight unconformability between these upper beds and the ordinary 
underlying Coal-measures. We have not noticed any such break in 
the succession of the Fifeshire strata. 

Note on the Calcareous Beds and thin Coals west of Methil.—The 
limestones which characterize this portion of the section are all 
thin and more or less impure. Some perhaps would be more pro- 
perly termed marlstones, on account of the predominance of argil- 
laceous matter in their composition. They are usually red or 
purple in colour, hard, compact, and with an even fracture. - Some- 
times they are grey and of an earthy texture; and where very 
impure they show cone-in-cone structure. All of them are very 
inconstant in thickness; and they thin out or run together within 
very short distances. The latter is the case with beds 39 and 41 
(see detailed section, p. 254), which at high-water mark form a 
stratum fully a foot thick. This limestone has the surface very 
curiously marked with large concentric ripples or corrugations. 
Others have a blistered or flatly mamillated sort of surface. Four 
of the beds which have been analysed give 30, 38, 41, and 60 per 
cent. of carbonate of lime. The strata associated with the limestones 
are commonly more or less calcareous. The sandstones often effer- 
vesce freely on the application of acid; and the argillaceous beds in 
many cases are marls rather than shales or fireclays. 

With these calcareous beds occur the two carbonaceous bands 
that we have termed coals. They are very thin and very coarse. 
Towards high-water mark, where they are about six feet apart, 
they do not exceed three inches in thickness.. Both of them rest on 
fireclays full of rootlets. The lower band is overlain by a lime- 
stone; the upper band has a shale roof, highly charged with plant- 
remains near the coal. Towards low-water mark the former be- 
comes more like a true coal, and thickens to over six inches ; and 


* We are indebted for this information to the courtesy of Mr. Charles 
Carlow, the general manager of the colliery. 
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at extreme low water the upper seam passes into black-band iron- 
stone, eight inches thick, and charged abundantly with the carapace- 
valves of Zeata and other Entomostraca. These are the only car- 
bonaceous and ferruginous beds that we have seen in the whole 
section from the Leven to Kast Wemyss, nothing so black being 
again met with until the ordinary coal strata are reached beneath 
and to the west of the thick red. sandstone at the last-named place. 

Paleontology of the Beds west of Methil—The highest bed in 
which we have detected fossils is the shale No. 12 (see detailed 
section, p. 253), 30 feet below the West Beacon, which contains 
Stigmarian rootlets. 

In the marl No. 16 there occur imperfect specimens of Newrop- 
terts sp., Lepidodendron sp., and large fern-stems. 

In the red marl and shale No. 24 there are abundant but very 
imperfect remains of an Alethopteris (leaflets nearly of equal size, 
strong midrib, with nervures nearly at right angles to it). 

Bed No. 26 contains Calamites, Stigmarian rootlets, and other 


obscure remains of plants. 
The next fossiliferous zone is the roof of the upper thin coal, 


which has yielded the following species :— 


Megalichthys Hibberti, Ag., teeth. 

Strepsodus sauroides, Hul., teeth. 

Bellinurus trilobitoides, Konig. 

Eurypterus mammatus, Salzer. Crustacea. 
Prestwichia anthrax, H. Woodward. 
Anthracomya, sp. nov. ? 
Annularia longifolia, Brongn. 
Calamites Suckovii, Brongn. 
Cordaites, sp. 

Lepidodendon elegans, Brongn. 
gracile, Lindl. 
Lepidophyllum lanceolatum, Lindi. 

Lepidostrobus variabilis, Lendl. 

Sternbergia approximata, Brongn, 

Sigillaria pachyderma? Brongn. 

Sphenophyllum erosum, Lindi. 

Trigonocarpon dubium (Szernd.). 

Finely striated stems = Diploxylon elegans?, Corda. 
Alethopteris lonchitica, Brongn. 

Neuropteris auriculata, Brongn. 

Pecopteris, sp. 

Sphenopteris latifolia, Lindi. 

Algse—or rootlets. 


Ctenacanthus hybodoides, Kgerton. 
| Fish. 


= L, obovatum, Sternbd. 


The above fossils are all found within six or eight inches of the 
coal. The fish, crustacean, and molluscan remains are intermixed 
with the plants. The animal remains occur rarely; but the plants 
are so numerous in some places as to quite blacken the shale. None 
of the species are in good preservation ; and on this account some are 
only doubtfully determined. The most remarkable fossil of this 
group of species is that doubtfully referred to Algee, which may 
possibly belong to an unknown form of rootlet, and which will be 
afterwards more fully referred to (p. 251). 

The coal itself contains many large stems, flattened and coarsely 
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furrowed. Seaward, where it passes into a calcareous black-band 
ironstone, it contains the following fossils * :— 
Leaia Leidyi, Lea. 
Carbonia fabulina, Jones & Kirkby. 
Rankiniana, J. ¢& K. 
secans, J. & K. 
Spirorbis carbonarius, Murch. 
Ganoid scales and fragments of fish-bones. 
Stigmarian rootlets. 

The fireclay under the coal contains many rootlets; and in the 
shale No. 33, overlying the lower coal and thin limestone, there 
occur rootlets which differ from the ordinary Stigmarian type by 
branching or forking nearly at right angles at intervals of a foot or 
so. With the rootlets are rare specimens of species of Newropteris, 
Pecopteris, and Cyclopteris, along with an Anthracomya. 

Towards the base of the shale No. 42 there is a thin band of 
reddle composed of the remains of the Entomostracan Carbonia 
Rankiniana, with a few stray Ganoid scales and small fish-spines. 

From the thin parting of dark shale No. 45 (and partly imbedded 
in the upper surface of the calcareous sandstone beneath) we have 
procured the species enumerated below, most of which are (or were) 
comparatively common. 

Acanthodus spines. 

Ctenacanthus hybodoides, Egerton. 

Ctenodus sp., operculum, ribs, sphenoid and other bones. 
Diplodus gibbosus, Ag. 

Megalichthys Hibberti, Ag. 

Paleoniscus sp., scales and plates. 


Coprolites. 
Lepidodendron aculeatum, Sternb. 


At various horizons of the red and grey shale No. 47 occur 
numerous casts of a small Anthracomya, possibly A. modiolaris, or 
near it; also stray specimens of small Ganoid scales and teeth, 
Carbonia Rankinana, and species of Lepidodendron and Calamites. 

Low down in this thick shale there is a zone of plant-remains. 
From it have been obtained :— 

Ganoid scales. 

Calamites Suckovii, Brongn. 
Lepidodendron sp. 

Lepidophyllum lanceolatum, Lind/. 
Neuropteris auriculata, Brongn. 
Neuropteris sp. 

Trigonocarpon olivaeforme, Lind. 

It has already been mentioned that fragments of wood and spines 
of Acanthodus are found on the surface of the calcereous sandstone 
No. 48; and this is the only other bed, at Methil, in which we have 
observed fossils. 

The fossils we have noticed are, with few exceptions, badly pre- 
served, and not such as easily attract attention, though very abundant 
in places, and easily enough found when looked for. The beds con- 


* This locality, which is the only one in the Coal-measures where we have 
found Zeaia at all plentiful, is best got at during equinoctial spring tides; at 
other times the rock is rarely laid bare at dead low water. 
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taining them are all exposed between tide-marks, in the space in- 
cluded from a little west of Methil Harbour to the mouth of Muir- 
edge Den. 

We are much indebted to the assistance of Dr. H. Woodward, 
Mr. R. Howse, and Dr. Traquair, in determining the species. 

Note on the Alge or Rootlets occurring i Bed No. 28. (Pl. V1.).— 
These Alge, or rootlets, are only found in about an inch or less of 
the shale overlying the upper thin coal, and some three inches or so 
above it. They are not seen where the other vegetable fossils are 
most numerous, which, as has been stated, is in the portion of the 
shale immediately over the coal. They are very delicate and mem- 
branous, showing no structure or surface-marking, except in the 
larger specimens, where is seen the remains of an internal filament 
or cord (figs. 1, 2, & 4), apparently indicating what was once the 
centre of a very succulent plant. The subrectangular mode of 
branching of many of the specimens is very peculiar, as is also the 
symmetry, often to be observed, of the branching on each side of a 
stem or main branch (figs. 8,9, & 10). We have noticed nothing 
like fructification on any of the specimens; nor are we at all 
certain that any of our examples show the natural ending of 
the smaller branches. And we have certainly not seen what the 
main stems spring from. 

These singular fossils, which have been rarely met with in Car- 
boniferous strata, so far as our knowledge extends, might be taken 
for the remains of marine Alge of the genus Chondrus, from their 
appearance; but as they can only be proved to be such by their 
organs of reproduction, and none of the latter have been met with, 
we can only adduce their external characters in favour of this view. 
From this evidence alone, however, M. Adolphe Brongniart * de- 
scribed and figured Fucoides strictus and F. multifidus, and Professor 
Schimper, Goppert, and Count De Saporta Chondrus fruticulosus F. 
M. Lesquereux has found Fucoides cauda-galli ¢ in ordinary Coal- 
measures (as we should expect from the presence of salt water in 
many of our deep mines where surface-water has been prevented 
from getting down into the workings); so there is really no great 
improbability of Fucoids being met with in such strata, as it is well 
known that the fauna there found has more of a marine than a 
freshwater facies. The analysis of the limestone previously given, 
showing the presence of salts of lime and magnesia in the waters from 
which it was deposited, also points to any thing but a freshwater 
origin. 

The only fossils that we have been able to find at all resembling 
our specimens are some described and figured by M. Heer § in his 
description of the plant-remains brought by Professor Nordenskjold 
from Bear Island, in the Arctic Ocean, which that author takes to 
be the roots of Lepidodendron. Certainly the larger Methil fossils 


* Histoire des Végétaux fossiles, plate ii. fig. 4; plate vy. figs. 9 and 10. 

+ Traité de Paléontologie Végétale, plate ii. fig. 5. 

t “On Fucoides in the Coal-formations,” Trans. Amer. Phil. Soc. Philad. 
yol, xiii. p. 313. 

§ Fossile Flora der Baren-Insel (Stockholm, 1871), taf. xiii. figs. 1 and 2, 
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so much resemble the Bear-Island ones that, in all probability, what- 
ever the latter are finally determined to be, ours must follow *. 

What are the roots of Zepidodendron is at present doubtful. One 
of us has shown that in structure Haloma exactly resembles Lepi- 
dodendron, and was probably the root of the latter plant. Up 
to the present time, so far as our knowledge extends, no well-marked 
specimen of Lepidodendron with its roots attached to it has been dis- 
covered, although M. Heer may have seen such. M. Lesquereux, 
one of the most experienced living authorities, in his description of 
Halonia tortuosa, appears to have observed his specimen zn situ, and 
saw that it had not been flattened, but was in its original shape, that 
its natural position was not vertical but horizontal or prostrate, 
and that it was a fragment of a plant growing and expanding 
its branches upon the ground}. This fact in some degree sustains 
the view that Halonia was the root or rhizoma of Lepidodendron, 
with which, as previously stated, it is identical in structure. 

It may be remarked, in conclusion, that these red rocks of Fife 
are higher Coal-measures than any seen on the east side of England, 
so far at least as we have observed in Northumberland, Durham, 
Yorkshire, and Derbyshire. The high position and general 
character of the strata naturally suggest that they are the equiva- 
lents, either in full or in part, of the Upper Coal-measures of Lan- 
cashire and other western districts of England. In one particular, 
however, they differ from the upper series of western England, as 
there is nothing in the Fife beds like the Spirorbis-limestone, which, 
in one or more bands, is so characteristic a feature of the Upper 
Coal-measures of the west, in their range from the Forest of Wyre 
northwards into Dumfriesshire and Ayrshire; neither is the deve- 
lopment of the series in Fife so great as on the west side of the 
country, 2000 feet and upwards being its thickness in Lancashire 
and other districts in the west compared with less than 1000 feet in 
Fife ; so that while the Coal-measures of Fife are evidently more 
complete in the possession of an upper set of beds than elsewhere 
on the east side of the country, it is probable that the thick mass of 
Lower, Middle, and Upper Coal-measures of the west country may 
represent more thoroughly, and more nearly approach the close of, 
this great upper division of Carboniferous strata f. 

* The Editor has very kindly drawn my attention to the close resemblance 
of some of our figures of this fossil to those given by D. Stur as representing 
the foliage of what he terms Archeocalamites radiatus, Brongn., in his “ Culm- 
flora des mahr.-schles, Dachschiefers,” in the 8th vol. of the ‘ Abhandlungen’ of 
the Austrian Geological Institution, as will be seen on comparing figs. 5, 6, and 
8 of his pl. iv., with our figs. 2, 3, 6, 7, and 8.—J. W. K. 


t “Observations on the Structure of Fossil Plants found in the Carboniferous 
Strata,” part ili p. 94, vol. for 1871; and ‘ Pennsylvania Second Geol. Survey,’ 
418 


+ Originally the Coal-measures on the east side of England were probably 
as complete as those on the west; for their junction with the overlying Permian 
rocks is always unconformable, so that it is not possible to say what amount of 
higher measures have been denuded. The highest Coal-measures that we have 
seen on the east side appear to be the Rotherham Red Rock, in South York- 
shire. It is possible that still higher beds may come in as the measures dip be- 
neath the Permian and Triassic strata of South Yorkshire and Lincolnshire, 
which may be some day proved as the search for coal is continued eastward. 
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Detailed Section of Strata seen on the Coast between the Rewer 
Leven and East Wemyss *. 

ft. in. 
1. Red and purplish sandstone, rather fine-grained, soft and 
false-bedded. (Seen opposite to Innerleven and west- 

ward towards Methil, but not wholly exposed.) ......... 200 0 

. Red marl, stained with yellow i MODUS vienare <teaeh eRe aae 12 0 
: Fine-grained marly red sandstone, full of light-coloured, 
slightly calcareous concretions, the latter prevailing 
so much in some parts as to change the character of 

the, rock, and passing imto NOjA ves succececcseondeuveeess 12 0 
4, Red sandstone, fine-grained and false-bedded (forming 
the rock on which is built the east pier of Methil 


Oo bO 


lar hour), sstec. Bettas. aieaneare ss iad, Soe seek tae 20 
5. A soft bed, said to lie in the fairway of the harbour, which 
WO NAVE MOL SECM Gs. oss he seater cane. abeetenane tira daceiae 10 0 
6. Red sandstone, blotched with yellow at the top, fine- 
grained, thick and cross-bedded. (The West Beacon 
EUELess he MO BG UH SoM. ch ATO US AGEL Tee eats 33 (0 
7. Yellow and red sandstone, thin-bedded.....................065 3 0 
ScGEsnale, Sandy amd SOL C. .tiis.coerteesstideedenverdoaavdeenees G0 
Oe hedisandstone, laminated) wies...cbhs.. fc eds eee ld cn ccelendeene 4 0 
His Redimarl ‘speckled with @reem. < 22.02... ichessecedeoetseccedten 15 0 
tt} Reddish" purple:sand stone '.1..22.2.2..sacesstecscsoasetseteses 3 0 
} 12. Red shale. (Stigmarian rootlets.)...............c.secscecseeees Pee) 
: LS, ERG oR ny eae ae en Se eee 3 0 
14. Red, purple, and yellow shale, variegated siieseee sec a! LAG 
15. Variegated Bamdstone, ard! vatulh cen, ou lds selva | 8 
16. Red marl, blotched with green and yellow at the top, 
and very redin places below. (Neuropteris and Lepido- 
SOND ae oo he Saisie Si. Gin sie SO Slo cn ase cia wnia Aneta sea na eile 8 0 
Hie. BrawMish purple SANAStONE........-c00<-desed-caadensecouss races 8 
18. Red marl, full of small calcareous concretions............... 6 O 
19. Red shale with Shrone, sandy, DaMdss ows csscco<c che ome eee 7 O 
20. Red shale with yellow streaks, laminated..................... 3 0 
21. Purple red shale, firm, and with green spots ............... 4 0 
Pro, Se MIMBEM OF MIMOCIA Ys. peak ciien <teeL ade eediew ode stink. notes lege 15 0 
23. Purplish sandstone, spotted with green................:.006 56 1 0 
24. Purple and red marl, with whitish blotches (at top) and 
concretions of irregular shape. (Ferns.).................. 12 0. 
Pose stone, ard and MING, 0.x .0+...0-.ceeetsitaed seeadeweneeenens 1 EG 
26. Red, pinkish, purple, and greenish shale and fireclay, 
with hard concretions. (Calamites, Stigmarian root- 
Het Writs) SRAM VOSS ES ONES S tie PU eT JE Pie sak 14 6 
| 27. Purple and greenish sandstone .........ses:ssseseeceeeeeceesees 8 0 
28. Purple, red, and greenish shale. (one fish, and 
Crustacean remains. IR eel old's ast pets Seas ee mene. 10 6 
DOO OAC COANE. akon cals | voidk das cee den see Aeamettmeen smeeeteld: gee 2 
30. Grey fireclay, with red spots. (Stigmarian rootlets.)...... 4 0 
31. Grey and purple shale, laminated ............000.2..008seeeeee- 2 0 
Jee ourple and, orey liniestone. 2... ...--asceasasseeciandshesceccdas.: 6 
33. Grey and purple shale. (Newropteris, Stigmarian root- 
NBIS ROGCV)E 2880t eke sce escds ste ee sdees (sda heeamepeeen erewe es ot. 3 2040 
ASP Ar PIUACEOUS, MIMESLONG 1601. dc+s00wcenceenssunieanpiidamens <oeeness 2 
Sr AOOMPROICOML pA: ahUtNe Tad. » Suwleta’ ..cedbenseaeees came Peeadoes. 8 3 
36. Greenish grey fireclay. (Stigmarian wootlenss);s2hos6/s4c0.% 16 
37. Grey sandstone, stained with red at top, soft andshaly... 3 6 
DO PBRIED TOPWAF . ..' on sj0nase oessn anes SEL Oe a0 SESE eee 430 6 


* Taken about midway between high- and low-water mark. 
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Detailed Section of Strata (continued). 
ft. in, 
Broucht forward .........tecc<tesce cubes cee eee 430 6 
38. Red, pinkish, and light grey shale. (Stigmarian rootlets 
andl Kepidodendran.) |. <s..sscsesacewns cendee sn camn se eee 920 
39. Purple limestone, argillaceous and hard ..................00. 6 
40. Light grey shale ......... sah TbsWdaisies Guickis Saat Ueneebatoaeeea eee L@ 
41 Arpillaceots Limestone... 2. cccscicks ceinns 20S che bee ak Jee 4 
AD. Red sBlialle vais <a ceicniad« deen .stsaabnbeasics han Saatchi Ga eee 2 6 
43. Reddle or hematite. (Composed of Entomostraca.) ...... i 
MA, Grey SHAT Oo a cienscnpnamsay ch vukidee tn tdde Sk eobubisod unten aeeee 8 
45. Dark sandy shale. .(Bish-bed:)' 00. :..c.00... ooh ebdecoemmebes 1 
46. Reddish purple: sandstone: Jo. 5... wisi. iiss c6it snanisehheivanieueieter bed 
47. Red, grey, purple, and pink shales, strong and sandy in 
places, soft in others, well laminated, with large dis- 
coidal calcareous concretions, and one or more bands 
of argillaceous limestone. (Anthracomya and plant- 
POOAGTAR, ) iajiaich csiebnlhas bettie Oa ocebaak cpitlets nomena HORE 36 (0 
48. Red and yellowish sandstone, calcareous and hard, of very 
irregular structure, with false-bedding and _ ripple- 
marks. (This bed stands out as a reef rather to the 
west of Muiredge Den, and again to the east of 
Buckhayen. Beds 7-48 are all seen between Methil 
Harbour and a little to the west of Muiredge Den.)... 3 0 
49. Red marl, with light green spots above and many cal- 
CATEOUS CONCTELIONS HelOW ..... 010s ssve0corsesesinnvies suewesseen 15 0 
pO. SY ellow. semedstione \. sc iseceiegs -2kceacd, cevscaneankres serene 6 0 
ol, Red or purplish marl,’or fireclay 2:50. 1ncsccse sonnei seen 4 0 
52. Faint-red or purplish sandstone* (with light-coloured 
bands in places, coarse and gritty below, and with 
CUE Z-CRSTIGS asian ween nris anunicas hans cance etn soe eee 12 0 
po. Shale, nob clearly SOGM.. 0... <nois «cw ~ouissisesiintaVanbosuie Aaeeee 2 0 
54. Yellow or whitish sandstone above, light red with yellow 
bans: below avec wank ass aap etesinmpaweke ype kansas eee 11/0 
55. Purple sandy shale, with an irregular band of ochre ...... 1 6 
56. Purple and yellow fireclay, variegated ...............:0.ces00e 5 0 
57. Yellow and purple sandstone, massive; with 1 foot of 
white sandstone af DasO 5... ccs. dassecsadasnnssnntin aanenme 9 0 
58. Red shale, with yellow ochreous spots. (Calamites.) ..... 10 0 
59. Yellow, white, and red sandstone, with a foot of white 
Bandstone ab. the, DAge 2... ce0sdsicsenn-edsiinnoswhite sr eheenes 9 0 
60. Red shaly fireclay, with a band of coarse ochre near the 
EOP od. dean TeeSaiats cae ewahahidnakin> x wetsnt ah MR aa Aes saa 
61. Yellow and red sandstone in thin irregular beds............ 3 0 
62. ARed shale, cOmtsi.:5. icici ipnseede tin cpetuides Seeeteee et. See 2 0 
63. Red sandstone, with a white band at the base .........-..... 4 0 
64. Red and yellow shaly fireclay, with white veins ............ Tou 
65. Light purple (variegated with yellow, red, and white) 
fireclay, which in places is very yellow and ochreous. 
(Stigmarian roublets,). . .Le.ustidate. cosanetnawartemep ae temee 740 
66. Red and white sandstone, hard at the top .................. 3 0 
ii. Red sandy shales). si tesciv visio somata a neato ere tele 1 0 
68. Red fireclay, speckled with white, coarse and sandy in 
PMEOR, snc snondcresteeene Z. sucha esaSonen ogee ONeaeE Re ReaeNCE Ea baw 
69. Red calcareous sandstone, coarse grained, and with a 
white band at the base l.svssssctedecesevecsWaraeecsrnenneanes 0 
Carried forward’ .:....ccaagcerse eae te eens <p> . 604 2 


* An outcrop of this sandstone is seen in Muiredge Den, near the mouth. 
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Detailed Section of Strata (continued). 


fi. 1m. 

Brought: forward) 5c: Geeaerctteccesss. Jacaacpanccben hae 604 2 

WO Redeish purple shale ids. siseee ere eves ct slseatie aod sya nere 2.1.6 

71. Red and white sandstone of irregular structure ............ i. 6 
72. Whitish and red fireclay, variegated, with irregular inter- 

calations of white sandstone ...............0c0o-eseeeee sees 9 0 

73. Purple and yellow sandy shale, ochreous in places ......... 1 6 

74. Intercalations of red shaly sandstone and sandy shale ... 3 O 
75. Dull red fireclay veined with white, coarse and sandy. 

(Beds 70-75 are all exposed in front of Buckhaven.)... 6 0 


76. Red, light red, and purple sandstone, with whitish parts, 
softish, thick-bedded, and weathering irregularly ; 
coarse, and with quartz pebbles at the base. (Forms 
the reef immediately to the east of Buckhaven Harbour.) 30 0 
. Repeated alternations of red, purple, and yellow shale or 
fireclay, and red and white sandstone—cropping out 
chiefly within the harbour, and partly in the low 


ClcisAbOMtWMe) Wes tSOLMG (4: funn. aakakiae-ecsobol see oekee. ce loki 46 0 
78. Bright red fine-grained sandstone, with yellow patches 

PLO se eae inate eras saa abc abecins cateiamene tah canine 5 0 
io welow aud purple sandy fireclay 22.2.2 ....4.0-..anerssues-s+. 1a) 
80. Dark red and yellow sandstone, thin-bedded and irregular 

HIS CHULC «oenaeaee ye savas. cote sae eins vocse vacate bene 4 0 
81. Yellow and light purple shale, sandy ........................ TG 
82) Might purple and yellow fireclay .........cs:.cnesensenedene sas 4 0 
83. Purplish and yellow sandstone, an irregular bed............ 1 6 
64. Dull red. and lieht-purple fireclay -..00.0.. 22... -.ceces-0ese-- 5 0 
85. An irregular bed of purple and yellow sandstone ......... See) 
Sor sandy fireclay, light-coloured). ..0........-.cs-<-enersoeecenerunn eb) 
87. Whitish, light purple, yellow, and red fireclay, beautifully 

variegated, and with large sandy intercalations ......... 30 0 
So Rediand yellow sandstone: «2... ....2....csenscseeesenesececessnes 6 0 
89. White and red fireclay above; yellow, red, and purple 

below; beautifully variegated ........0....sssecneasssaecess 15 0 
90. Red sandstone. (Stigmarian rootlets.)....................068 3-0 
Cie tuedushales. (Calaniites.) 02.2... cesses censene oceans cxdiomecsoctaas 10) 
92. Whitish fireclay and shale, variegated with yellow and 

purple. .(Stigmarian rootlets.)......6.....0-00-sec-c-sseee 10 0 
62. Redisandetone, an irrepullax bed........<s02+0:00+-220s0seassceen a) 
94. Red, purple, yellow, and white fireclay and shale, finely 

variegated, and laminated in places..................00000 toe 0 
95. Purple and whitish sandstone................2--eceeceeceeeeeeees 1 6 
96. Red, purple, yellow, and white fireclay and shale, varie- 

AER ATOISPOGLEO. “srcc ahs sun= 5+ <dences <0 decbarencagsemneeens 10 0 
97. Purple and yellowish sandstone...............00.esessosseceeee 8 0 
98. Purple shale, with yellow spots above, sandy, not all 

ABOU cease cncuaninslsane sais a = 2: onainieirm s swasainecen eee Maptenea ss: 5 0 


99. Red sandstone, laminated and shaly above, generally 
softish, but hard in some places, and coarse and gritty, 
with quartz and clay-pebbles in other places, and much 
false bedded. (Seen on the shore and in the cliffs from 
east of the Gas-works to the west of East Wemyss.)... 100 0 


EXPLANATION OF PLATE VIL. 


This Plate illustrates the various forms of the Alge or rootlets from Methil. 
The figures are all of natural size. 
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Discussion. 


The Prestpent spoke of the value of the physical and palzonto- 
logical information conveyed in this paper. 

Mr. Trppeman spoke of a section he had found along the Greta, 
near Ingleton, where some thin limestones occur at a considerable 
height above the true Coal-measures: over the latter were plant- 
bearing sandstones, shales, and clays; and apparently corresponding 
with them, on the other side of a synclinal, were beds of similar 
~ rocks, but with limestone interbedded. These were almost dolomitic. 
No organic remains had been found in them. It was, however, just 
possible that these limestones, being near the Great Craven Fault, 
might not be Upper Coal-measures but Yoredale-beds; but on 
the whole the probability lay the other way. 

Mr. CrutrwELL inquired the thickness of the limestone. In 
Australia there were limestones with Productus reticulatus under the 
productive Coal-measures. 

Dr. Murr said he thought that rootlets of Lepidodendron had 
been found zn situ in the north. He thought these beds could be 
traced westward to the other coal of Scotland. 

The PrusipEnt remarked that it was singular how closely some 
of the Australian fossils corresponded with those of Britain. 
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ON FOSSIL CHILOSTOMATOUS BRYOZOA FROM MOUNT GAMBIER. Zone 


27. On Fossil Cottostomatous Bryozoa from Mount GAMBIER, SouTH 
AustRatia. By Artaur Wm. Waters, Esq., F.G.S. (Read 
January 25, 1882.) 

[Puates VII.-IX. | 


Tue fossils which have been at my disposal for the present commu- 
nication consist, first, of a pill-box full of Bryozoa, in the possession 
of the London Geological Society, which they kindly lent me for 
description; and, secondly, the collection made on the spot by Mr. 
Etheridge, Jun., who very obligingly lent it to me when I was pre- 
paring my paper on South-west Victorian Chilostomatous Bryozoa*. 
The material belonging to the London Geological Society was sent 
over by Mr. J. E. Tenison Woods, probably at the time he wrote his 
paper for the Geological Society “On some Tertiary Rocks in the 
Colony of South Australia,” Quart. Journ. Geol. Soc. vol. xvi. 1860. 

I have referred to many of the specimens from Mount Gambier 
in my paper just mentioned, and in the course of a few weeks hope 
to have a short communication ready on the Chilostomatous Bryozoa 
from Bairnsdale, Gippsland, Victoria, as I have at present in my 
hands for description Mr. J. R. Y. Goldstein’s collection from that 
locality. On the completion of this series of papers on the Chilo- 
stomatous Bryozoa from the three localities, I propose to deal with 
the Cyclostomata from the three places in one paper, as the number 
of species of Cyclostomata is not very large. This series will refer 
to about two hundred species of Tertiary Bryozoa; and although those 
on the spot able to obtain large collections will no doubt find various 
points which I have only imperfectly appreciated, yet I hope that 
these contributions will make the study of these rich Bryozoa-beds 
easier for those who follow me; and the large number of species 
found in these two pill-boxes will give an idea of what a vast field 
yet remains unworked in Australian fossil Bryozoa. 

The genus Membranipora, which was largely represented in the 
Cretaceous period in various modes of growth, will have to be 
divided; but for the present it will be best to wait until the 
group has been entirely worked up, both in the recent forms from 
the southern hemisphere and the fossils from various localities. 

In giving the measurements of the aperture of fossils it will of 
course be understood that these cannot be made with the same 
exactitude as when we have to deal with recent species. 

The number of species from Mount Gambier is 66 Chilostomata and 
a moderate number of Cyclostomata; and of these 66 Chilostomata 


* Quart. Journ. Geol. Soc. vol. xxxvii. p. 309. I then stated my reasons for 
believing that the fossils were incorrectly labelled from Yarra-Yarra; and a 
friend writes to say that Mr. Watts is still alive and has told him that the 
material was given him by Mr. John Allen, who obtained it from Curdies 
Creek, about 30 miles east of Warrnamboul, and that no Tertiary beds are 
known on the Yarra-Yarra. This entirely confirms the ideas I expressed as 
to the probable origin of the material. 
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we have already found 26 in the material I described from South- 
west Victoria, 4 are known from Orakei Bay, New Zealand, and I 
have 21 from Bairnsdale; 30 are now living, of which 25 have been 
found in Australian waters. Two species are considered identical 
with species found in the European Chalk, 12 with European Miocene, 
and 12 with Pliocene. 

Besides the forms I have found, Mr. Woods has desaribent from 
Mount Gambier, Eschara cavernosa, Woods, E. Clarkei, W., and E. 
verrucosa, Woods (non Peach). 

In the following list of species, I refer to those mentioned in my 
previous paper under South-west Victoria, which we should perhaps 
now call Curdies Creek. I further indicate which are found in both 
the collection of the Geological Society and that of Mr. Etheridge, 
Jun., as by that means we may get some idea as to which are 
common species. : 


Last of Species. 


| rian 
| : 
| B\S is g “ 
me ce ¥ m\5| Allies and Localities. 
| & (Ese ale i 
A HO 12 | |O all 
| 1. Catenicella ampla, Waters...... p10 a ee 
2. WIG, PROMS. Sani ikawcont POO Sete lan<| P| 
3. Cellaria fistulosa, D. ............ 260 | x |...] * |---| * | * |Mioe. and Plioc. of Europe 
4. —— malvinensis, Busk......... 260 | x |...) * | * | * 
| 5. —— ovicellosa, Sfol. ......... 260 |...% | *]..-[*] | 
6 2h) 1) ee rr ON Re ee ae Oe % | 
7. —— angustiloba, Busk......... 260 |...] «|---| | # | | Melicerita Charlesworthii 
| & Membr. stenostoma, Rss. 
8. Canda fossilis, Waters ......... ri) eee eo %]...) | | 
9. Caberea Boryi, Aud............. Bib % Vase} cal csines * Pliocene of Hurope. 
| 10. grandis, Hincks ......... 261) % |...) % |e] *] | 
1]. Menipea innocua ............... 0 el (es P| x] | 
12. Membranipora confluens, Fss. .| 262 | x |...| * |...) * | * |Cretac. Pliocene of Europe. 
13. owalis@ Obs. ct DOR Cael atalek % 
14. —— macrostoma, Fss. ......... 262 |...) * | * | * | *).../Miocene of Hurope. 
15. ——tripunctata ............... Pe ie a ae Re ee * 
16 radicifera, Hincks......... POG else ist alae chess %|* 
Lf: dentata, @ Orb: oo... ..00c.-: | 268 |...|...]...|.-.| * | * |Cretac. Pliocene of Europe. 
18. eylindriformis, Waters... 263 |...}... %) | HL OK 
19. articulate, .22.citi aie 264 |...|]...]...}000] % 
20. POP VERSA a. shidauewm usin anisey 264 |... * 
21. BGS, six ys piucts viet aerate 2G. |.,..]-2la» fons] % 
22. Micropora hippocrepis, Goldf.| 264|*|...)...|... * |...,Chalk, Kurope; Miocene 
a and Pliocene of Europe. 
23. Steganoporella patula, Waters.) 265 |...|... Se fe.(9e | 1) 
24, magnilabris, Busk ...... 265 | *|...|... «| * |...[Miocene of Hurope. 
25. Cribrilina radiata, Moll ...... DGD. itslisanl aselan x |...|Hoc., Mioc., Plioc., Post Pl. 
26. Mucronella microstoma, Norm.) 265 | x |...|-../--- * | 
27. —— coccinea, Johist. ......... 266 | « |...|...!...]...| * ‘Mioc. and Plioe. of Europe. 
28, —— mucronata, Smitt......... 266 | x |...| «1% | * * 
29. duplicata, Waters......... 266 |...1... Hf He] | 
30. Microporella ciliata, Pall....... 266 | *|...]...]--- * | x Pliocene of Europe. 
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Inst of Species (continued). 


| | | | 
RS od 
ae eis/s] od | 
epg (|G \2),2/ Allies and Localities. | 
oS [tahoe Salts | 
a 5) SE) 3 |S is 
He HOM AS Ia 
31. Microporella violacea, v. fissa | 267|* |... * |...) %| | 
32 ferrea, var. perforata ...| 267 |...|.--|...]-..] ® | | 
30 elevata, Woods ............ 267 |...|---| |---| % | > | 
34 yarraensis, Waters......... 267 | x |---| % |e] | | 
35. —— macropora, Sfol. ......... 267 |...|---|...-..| * |.--|Miocene of Europe. 
Anarthropora monodon, &c. 
36. MONUPOVEPBAN«@ cc's. .cscies sence 268) |....|=-- waa[eee] % | | 
of. Porina clypeata, Waters ...... 268 |...|---] % |---| * | % 
38. eoronmata, GSS. 6.2. cst s.6 268 | x | * |x| *|*|* |Miocene, Europe; Eocene, 
| New Zealand. 
39 larvalis; MCG os 506064. 269 | x |---|... * 1%) | | 
_ | 40. Lepralia spatulata, Waters ...|969|...|.-.| # |... *| / 
 {4i. foliacea, Ell. § Sol. ...... P69| * jecel... * | x |.../Pliocene of Europe. 
mm | 42. —— edax, seh Re eae 70 8 nae a x |\Crag; Miocene, 
om | 43 burlingtoniensis ......... QTO |...|---|.0e] | 1% 
é 44, Monoporella crassicaulis ...... PRON cctemelos d\lea|oos * 
| 45. —— erassatina ...............08 2:1 (Oe ee eel ere a eas 
46, OBC oo. ..-nescetnoecan ss: DG A \enseacloaetnceiae | | 
47. OTE A oe shin sine oak Sasi CATES eel ae Lo alla | 
48. Porella concinna, Bush ......... AT ELIE oleae pee * 
49. Smittia Tatei, 7. Woods......... Q7T1|...|...,% | *(% | % 
50. reticulata, McG... ...... 272 | x|...'..., * | «| * |Pliocene of Hurope. 
51. trispinosa, Johnst. ......' DTD | | ..-|...]60.| ¥ 
pe —— Serinty, FSS. ob oo02k acca De Moa i. x | x |Miocene of Europe. 
53. MCI SA oe ccc rosie vecewss DP asec said alte |e 
54. Schizoporella Cecilii, Aud. ...| 272) *|...|...]... * 
f 55. auriculata, Hass............ Ze | lenel ee * |x| * {Pliocene of Europe. 
56. Benelli, MiSs) te. fades tn ce. 273 | *|...|...|-..]...| * [Miocene of Europe. 
' 57. cornuta, Gabb & H. ...... Dieiaccte * |...|Miocene, U. 8. 
58. —— conservata, Waters ...... LO | Adlon ¥ ]...| % 
59. OMUBY CIA «..-....se00e 500% 7 (2 aah ¥|%|% | 
60. —— marginopora, vss. ...... aa selena Melle * |...{Cretaceous, U.S.; Miocene | 
of Europe. 
61. —— acuminata, Hincks ...... Q74| *}...1...1 * | 
| 62. —— filiformis .................. Fal SIS Bee Ona eee x |% 
| 63. Retepora marsupiata, Si...... 275 |x|...) *|*|*| * |Florida 
 |64 rimata, Waters ............ DED els. wlxle|x 
65. Cellepora yarraensis, Waters..| 275|...|... x1 * (2) * 
66 fossa, Haswell ..........2+4. 275 | *|...] ¥|...] #1 % 
| 67 seabra, PObrs 02.0000: af 5) ee 
: 68. Lunulites cancellatus, Busk....! 275 * ol LHL X 


1. CarENICELLA AMpPLA, Waters. 


“ Bryozoa from 8. W. Victoria,” Quart. Journ. Geol. Soc. vol. 
xxxvil. 1881, p. 317, pl. xvi. figs. 46, 50. 

The specimen from Mount Gambier is very badly preserved; but 
the dorsal surface seems sufficiently characteristic to leave no doubt 
as to the identity of this with the one described as C. ampla. 
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2. CATENICELLA ALATA, W. Thoms. 


Catenicella alata, W.Thoms., “On new Genera and Species of Poly- 
zoa from Coll. of Prof. Harvey,” p. 80, pl. vi. fig. 4 (Zool. Bot. Assoc. 
Dublin, 1859, vol. i.). 

Catenicella alata, Waters, loc. cit. p- 317, pl. xvi. figs. 47, 49, 58. 


The Mount-Gambier specimens are very imperfectly preserved. 


3. CELLARIA FIsTULosA, L. 
Loc. Living: widely distributed. Fossil: 8. W. Victoria( A. W.W.). 


4, CELLARIA MALVINENSIS, Busk. 


Loc. Living: Falkland Islands. Fossil: 8. W. Victoria(A.W.W.) ; 
Bairnsdale (A. WW). 


5. CELLARIA OVICELLOSA, Stol. 


Salicornaria ovicellosa, Stol. Foss. Bry. Orak. p. 151, pl. xx. figs. 
9, 10; 

Cellaria ovicellosa, Waters, loc. cit. p. 321, pl. xiv. figs. 4, 5, 6; 
pl. xvii. fig. 62. 

Oral aperture 0:08-0:09 millim. wide. 

Loc. Fossil: Orakei Bay; 8. W. Victoria (A.W.W.) 


6. CELLARIA PERAMPLA, sp. Nov. . 


Zoarium small, cylindrical, with 4-6 zocecia in a series. Zocecia 
hexagonal, contracted below, bounded by a double rim scarcely 
raised; surface almost flat, raised round the aperture. Oral aperture 
large, with two teeth above and two below, about 0:18 millim. wide. 

The zocecia and aperture are larger than in any species with 
which I am acquainted; and I find that the size of the aperture is of 
considerable value in the determination of the Cellariw. The oral 
aperture of C. malvinensis is about 0:17 millim.; of C. gracilis, 
sinuosa (off French coast), fistulosa (Mediterranean, British, and 
fossil), about 0°14 millim.; of C. crassa of the Crag (see Crag 
Polyz. fig. +), about 0°13 millim.; of OC. angustiloba and Charles- 
worthiz, 0°11-0°13 millim.; C. Johnsoni (from various localities), 
about 0°09 millim.; of C. ovicellosa, 0°08 millim.; and of C. tenwi- 
rostris (from Tasmania), 0°13 millim. 


7. CELLARIA ANGUSTILOBA, Busk. Plate IX. figs. 28, 29, 30. 


Melicerita angustiloba, Busk, Quart. Journ. Geol. Soc. xvi. p. 261. 

Melicerita angustiloba, Tenison Woods, Geol. Observations in 
8. Australia, p. 73, fig. 4, and Trans. Roy. Soc. Victoria, vol. vi. p. 5, 
fig. 8. 

 Matineritn angustiloba, Stoliczka, Foss. Bry. Orak. p, 155, pl. xx. 
figs. 15, 18. 


Zoarium branched and probably sometimes jointed, branches com- 
pressed. Zocecia hexagonal, with the zocecial area slightly depressed, 
separated by a raised border; oral aperture arched above; lower lip 
raised, forming a plate in front; two teeth projecting into the aper- 
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ture from the distal edge. Avicularia not raised, in a triangular 
area, opening wide and short, rounded above and slightly rounded 
below, with a straight plate, with a sinus in the middle. Ora! aper- 
ture 0:11—0-13 millim. wide. Ovarian opening? 

I am only able to see the notch in the avicularium in one case, 
but think it is not accidental, but the usual structure. The lateral 
position of the avicularia is uncommon among the Membraniporide ; 
and therefore a full description of the species is given. 

The zocecia are much larger than those in Melicerita Charlesworthii, 
M.-Ed., of the English Crag; but the avicularia show a relationship 
to those of M. Charlesworth, in which, however, the opening is © 
oval, approaching to circular, and not falciform as incorrectly de- 
scribed in the ‘ Crag Polyzoa.’ 

This would seem to be related to Aschariella elegans, d’Orb. pl. 


683. fig. 12, Membranipora stenostoma, Rss. (non Busk), Ost.-ung. 
Mioe. pl. viii. fig. 14, some of the Hschare described by Hagenow 
from the Meceuricnt chalk, and Cellaria ornata, d’Orb. Voy. dans 
VAmeér. mérid. pl. ii. fig. 10. 

Loc. Mount Gambier (Woods); Orakei Bay (Stol.); Bairnsdale 
(Goldst. coll.); Muddy Creek beds, Hamilton, Victoria. 


8. CanpDaA FossILis, Waters. 
Loe. cit. p. 822, pl. xvi. figs. 51, 52. 


9. CasEREA Bory, Aud. 


The “‘opercula” are preserved; and the fossil very closely resembles 
the recent C. Boryi; but at the same time the state of preservation 
does not permit of the determination with absolute certainty. 


10. CaBEREA GRANDIS, Hincks. 


Caberea grandes, Hincks, “ Contr. towards a Gen. History of the 
Mar. Polyz.” p. 53, pl. ii. figs. 4, 4a, 46, Ann. & Mag. Nat. Hist. July 
1881. 

Caberea rudis, Waters, loc. cit. p. 322, pl. xviii. fig. 86. 

In one or two specimens the large erect avicularium is preserved. 

Loc. Living: off Curtis Island (#.). Fossil: S. W. Victoria, 
Bairnsdale (G. coll.). 


11. Menrpra innocva, sp. nov. Plate IX. fig. 24. 


Zoarium consisting of two rows of cells. Zocecia elongate; aper- 
ture oval, occupying half the length of the cell, one spine on the . 
outer margin above. Lateral avicularia small (?); on the front of 
the cell below the aperture a raised avicularium with mandible 
directed laterally. Dorsal surface showing the divisions of each 
zocecium, but otherwise smooth and unarmed. Aperture 0:25—0-29 
millim. long, 0-20—0°22 millim. wide. 

The lateral avicularia are brokew down ; and therefore the shape 
cannot be determined; but apparently they were very small. 

The front surface corresponds very much with M. Jepreyse, Norm.; 
but the dorsal surface is different. 

Q.J.G.8. No. 151. r 
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12. MemMBRANIPORA CONFLUENS, Rss. Plate IX. fig. 25*. 


Escharina confluens, Rss. Verstein. der bohm. Kreid. p. 68, pl. xy. 
fig. 22. 

Membranipora confluens, Rss. in Geinitz, ‘ Elbthalgeb.’ ii. pl. xxiv. 
fig. 14; Novak “ Bry. der bohm. Kreid.” p. 11, pl. 11. figs. 17, 18, 
Denkschr. Ak. Wien, xxxvil. 

Membranipora pedunculata, Hincks, ‘Contr. towards Hist. of Mar. 
Polyz.” Ann. & Mag. Nat. Hist. s. 5, vol. vi. p. 377, pl. xvii. figs. 2, 2a. 


Zocecia subovate, produced and attenuated below. Aperture of 
area broad, round or somewhat elongate, frequently with the proximal 
edge nearly straight, margin broad, raised, sloping inwards. Ovicell 
small, globose, narrow. The aperture is about 0-22 millim. wide and 
of about the same length. 

In the recent allies of this species, viz. MW. catenularia, Lacroixii, 
pilosa, and monostachys, no ovicells are known, whereas in the fossil 
Cellepora zetes, VOrb., Flustrellaria fragilis, @Orb., F. Franquana, 
d’Orb., Membranipora Franquana, dOrb., and Membranipora elliptica, 
Hag., there are very small or moderately small ovicells. In Mem- 
branipora catenularia, Manz., Castrocaro, there are ovicells; but that 
apparently should be called M. confluens and not M. catenularia. 
Membranipora pedunculata, Manz., has also ovicells, and would 
seem to be the present species. 

Loc. Living: Ceylon (#.). Fossil: Cretaceous, Hundorf and 
Strehlen, Schillinge, near Bilin (Cenomanian); Pliocene, Castel- 
Arquato? §.W. Victoria. 


13. MemrranrIpora ovaLis, d’Orb. ? 

Only a few cells are preserved, which have a very thick raised 
border. The aperture is very elongate, measuring 0°5 millim. long 
and only 0:19-0:25 millim. wide. 

There are three distal rosette-plates, two near the front and one 
in the centre near the base. 


14, MemBranipora MAcRosTomaA, Rss. (in Vincularie forma). 


Membranipora macrostoma, Rss., Waters, loc. cit. p. 323, pl. xiv. 
figs. 18, 19. 


15. MemBRANIPORA TRIPUNCTATA, Sp. nov. Plate IX. fig. 35. 

In Vincularie forma. 

Zocecia elongate, narrow, surrounded by a slightly raised rim; 
and the zocecia are further divided by a narrow longitudinal band 
running between them. In the space below each zocecium there 
are usually three pores. Aperture about 0°27 millim. long, 0-1 
millim. wide. 


16. MremBranrroRA RADICIFERA, Hincks. Plate IX. figs. 26, 27. 


Membranipora radicifera, Hincks, “On a Collection of Polyzoa 
from Bass’s Straits,” p.6, Lit. & Phil. Soc. Liverpool, April 18th, 1881, 


* This figure is not successful, as the walls of the aperture (which slope 
inwards) are not very well shown. 
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and also “Contr. towards a Gen. Hist. of the Mar. Poly.” p. 53, 
pl. ii. figs. 6, 6a, 66, Ann. & Mag. Nat. Hist. s. 5, vol. viii. pl. ii. 

In the fossil specimens the shape of the area is very irregular, 
often very elongate. The remains of the two spines are clearly to 
be seen, as also the basis of the forked spine and avicularium; and 
on the dorsal surface there are six depressions round each zoccium. 
Ocecium globose. Surface apparently with elongate pores ; but, from 
the state of fossilization, it is impossible to be sure about this point. 
On each of the six lateral walls a large, elongate, oval opening, re- 
presenting the rosette-plate. Area of average cells 0°46 millim. 
long, 0°25 wide. 

Loc. Living: Bass’s Straits. 


17. Mempranipora DENTATA, d’Orb. Plate VIII. fig. 14. 


Flustrellaria dentata, @’Orb. Pal. Franc. p. 525, pl. 725. figs. 
17-21. 

Membranipora annulus, Manzoni, Bry. foss. Ital. 4ta cont. p. 7, 
pl. i. fig. 9; Manzoni, I Briozoi di Castrocaro, p. 12, pl. i. fig. 9. 

Zoarium incrusting. Zocecia much raised at the distal end, with 
four large spines on the front of the cell and one or two large central 
ones at the extreme end at a rather lower level, often directed for- 
wards. Aperture round or oval, nearly the length of the zocecium. 
Ovicell large, the width of a zoecium. The aperture is about 
0-23 millim. wide. 

In d@Orbigny’s figure the spines are not so much forward; but 
otherwise there seems to be no difference. Specimens in my posses- 
sion from the Pliocene of Rametto (Sicily) correspond in every parti- 
cular with those from Mt. Gambier. Ihave had a Bryozoan colony 
sent me from New Zealand, marked WM. ciliata, MacGillivray ; and 
although MacGillivray’s figure leaves determination very difficult, yet 
from the description I think my specimen is correctly determined. 
In this the distal end is not so much raised, and the central spine 
is not larger than the others, nor is the aperture quite so long; 
but I think it must be looked upon as an ally. 

Loe. Cretaceous, Sainte Colombe (Manche), Senonian; Pliocene, 
Castelarquato, Parlascio, Orciano (Manz.); in the province of Reggio, 
Calabria, it occurs in the Helvetian, Zanclian, Astian, and Sicilian 
beds (Seguenza), Rametto (A. W. W. coll.). 


18. MemBRANIPORA CYLINDRIFoRMIS, Waters. Plate VIII. fig. 13. 


Membranipora cylindriformis, Waters, loc. cit. p. 323, pl. xvii. 
fig. 74. 

In the Mount Gambier and Bairnsdale specimens the cells are 
nearer together, so that there is frequently hardly any space between 
the areas. The small avicularium above the area is usually absent ; 
and the jsuboral avicularium is frequently much raised at right 
angles to the axis of the zoarium, and is sometimes quite within the 
area; and we are then reminded of Membranipora minax. Aperture 
about 0:20 millim. wide. : 

Loc. 8.W. Victoria and Bairnsdale. 
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19. MremBRraNIPORA ARTICULATA, Sp. nov. (in Vincularice forma Plate 
Wie. igs 115, 16. 


Zoarium quadrilateral, erect. Zocecia on all four faces, sur- 
rounded by an elongate hexagonal band; aperture long, rounded 
above, with straight sides and straight on the proximal end. A 
small, acute Apalean on each side, on a line with the top of the 
aperture. Aperture 0°37 millim. long, 0:14 millim. wide. 


' 20. MrmMBRANIPORA PERVERSA, Sp. nov. Plate IX. fig. 32. 


Zoarium in Vincularie forma. Zocecia arranged quincuncially, 
divided by a raised border; the lower half of the area covered with 
a calcareous plate ; aperture of area nearly the width of the zocecium, 
nearly straight on the distal edge, rounded and contracted below. 
Aperture of area 0°23 millim. wide, 0-23 millim. long. A spine or 
avicularium just above the area on each side, and also one on each 
side above the ovicell. The ovicell is small, just above the area; but 
in the fossil all are broken down. 


21. MEMBRANIPORA, Sp. 


The cells in shape resemble those of M. radicifera, Hincks, but 
are much smaller, only measuring 0°22 millim. by 0°11 millim. Near 
the upper end there were several spines ; and the broken-down walls 
of the ovicell show that it was rather large. 


22. Micropora HIPPocreEPis, Goldf. 


Cellepora hippocrepis, Goldf. Petr. i. p. 26, Taf. ix. fig. 3. Reuss, 
Foss. Polyp. d. Wien. Tert. p. 94, pl. xi. fig. 14. Hag. Die Bry. der 
Maest. Kreidef. p. 91, pl. vi. fig. 17. 

Membranipora bidens, Busk, Crag Polyz. p. 34, pl. 1. fig. 4; Busk, 
Fossil Polyz. near Mt. Gambier, Q.J.G.S. 1860, vol. xvi. p. 260. — 

Membranipora Rosselit, Manzoni, Bry. Foss. Ital. 4ta cont. p. 11, 
pl. ii. fig. 15. 

Membranipora bidens, Reuss, Die foss. Bry. Ost.-Ung. p. 43, 
pl. x. figs. 10, 11. Manz. Bri. Castrocaro, p. 15, pl. ii. fig. 4. 
Waters; Bry. from Bruccoli, Trans. Manch. Geol. Soc. vol. xiv. 
p- 467. Seguenza, Le Form. Terz. nell Prov. di Reggio, pp. 80, 
128, 198, 368; Accad. dei Lincei, ser. 3a, vol. vi. 1877 (pub. 
1880). 

Membranipora deplanata, Rss. 

I formerly followed Mr. Busk and others in considering this the 
M. bidens of Hagenow; but that would seem to belong to another 
genus, as the aperture does not seem to have been the oral aperture, 
but was covered with a membrane in which was a smaller oral lid, 
resembling Membranipora Rossel, Aud., and other Membranipore ; 
whereas in the present species there seems reason for supposing that 
the aperture we see is the oral aperture. On this point the recent 
specimen I have from Capri does not throw any light, as all the 
organic parts, including the opercula, have disappeared. The zocecia, 
in my Mediterranean specimen, are somewhat smaller (nearly a 
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third) than in the Australian fossil; but the size of the aperture is 
about the same, viz. about 0:07—0°08 millim. wide. Avicularia are 
only known from Maestricht ; and possibly this species should be 
separated on that account. 

Loc. Fossil: Cretaceous, Maestricht, Rigen; Miocene, Méod- 
ling (Vienna), Hisenstadt (Hungary), Niederlies (Moravia), Wildon 
(Styria), Val di Lonte (A. W. W.); Pliocene, Cor. Crag, Castrocaro 
(Italy), in the Helvetian, Tortonian, Zanclian, and Saharian of 
Reggio (Calabria, Seguenza); Bruccoli* (Sicily). Living: Capri, from 
the coral fisheries (A. W. W. coll.), 225 metres. 


23. STEGANOPORELLA PaTuLA, Waters. Plate IX. fig. 31. 
Micropora patula, Waters, loc. cit. p. 326. 


It is difficult to see in the small fragments if this is a Steganoporella 
or a Micropora; but as it resembles in many respects Steganoporella 
magnilabris, it, in all probability, should be united to that genus. 
It differs from S. magnilabris in having the aperture close up to the 
distal end; and the aperture only occupies a quarter of the zocecium, 
while in S. magnilabris it covers nearly one half. Aperture 0-26— 
0-31 millim. wide. 


24, SrEGANOPORELLA MAGNILABRIS, Busk. 


Steganoporella elegans, Smitt, Floridan Bryozoa, p. 15, pl. iv. 
figs. 96-101. 
Membranipora magnilabris, Busk, Mar. Polyz. p. 62, pl. Lxv. fig. 4. 


The Mount-Gambier specimen is only a fragment, and was only 
determined by means of comparison with the well-preserved speci- 
mens from Bairnsdale. The consideration of this species is deferred 
until I describe the Bairnsdale collection. 


25. CRIBRILTNA RADIATA, Moll (non d’Orb.). 


Lepralia eleqgantissima, Seguenza, ‘‘ Le form. terz. prov. di Reggio,” 
Atti Reale Accad. dei Lincei, 1879-80, p. 83, pl. viii. fig. 11. 

Cribrilina radiata, Hincks, Coll. of Polyz. from Bass’s Straits, loc. 
exc. p. LO. 

For other synonyms see Hincks, Brit. Mar. Polyz.p.185. I, how- 
ever, feel doubtful if the figure and description of Reptescharella 
pygmea, d’Orbigny, are sufficient to justify our uniting it with 
C. radiata. 

The specimens from Mt. Gambier are small, without avicularia or 
ovicells, with the pores surrounding the zoccia well marked, as in 
Lepralia Ungeri, Reuss. 

Loc. Living: European seas, Madeira, Florida, Bass’s Straits 
(Hincks). Fossil: Eocene, Miocene, Pliocene, Postpliocene. 


26. MucronExra. 
This seems to be M. microstoma, Norm. (see Hincks, Brit. Mar. 


* I gave the Arctic Seas as a locality in my Bruccoli paper; but this seems 
a mistake, and I think it has only been found living at, Capri. 
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Polyz. p. 370, pl. xxxviii. figs. 3, 4); but as the oral aperture is ob- 
scured by the peristome, and there are no ovicells, I hesitate to call 
it microstoma. 


27. Mucronexta coccingEa, Johnst. 


Lepralia reswpinata, Manzoni, I Briozoi del plioc. ant. di Castro- 
caro, p. 20, pl. u. fig. 26; Waters, “ Bry. from the Plioc. of Bruc- 
coli,” p. 474, fig. 7, Trans. Manch. Geol. Soc. vol. xiv. 1878. 


In the specimen from Mt. Gambier the peristome is much raised, 
and the avicularia are placed much lower than is usual in recent 
specimens ; and in this respect it resembles the figure given by Reuss 
(Die Bry. des dst-ung. Mioe. pl. vi. fig. 11). Perhaps the position 
of the avicularia entitle this and the fossil from Eisenstadt to rank 
as a variety. 

I have Mucronella coccinea from Capri with the avicularia placed 
very low, as also fossil from the Pliocene of Sicily ; and it is then 
easy to see that the worn specimens resemble Lepralia resupinata, 
Manz. 

Loc. Living: European and Arctic seas. Fossil: Eocene, 
Miocene, and Pliocene of Europe. 


28. MucronELLA MUCRONATA, Smitt. 
Mucronella mucronata, Waters, loc. cit. p. 328, pl. xvii. fig. 66. 


The specimen from Mt. Gambier is in the Hschara form. The 
mucro is small, and only to be seen on some zocecia; but in the 
Bairnsdale specimen it more resembles the figures of the Floridan 
form ; and, further, in the Bairnsdale specimens some of the avicu- 
laria are very large and are directed downwards, while a few point 
upwards. Smitt gives the avicularia pointing directly or diagonally 
upwards. There are also frequently two small openings, probably 
avicularian, just above the aperture, when the fossil much resembles 
Reptescharipora rustica, d’Orb. (Pal. Frang. pl. 720. figs. 9,10), 
from the French Senonian. 

Loc. Living: Florida. Fossil: 8.W. Victoria and Bairnsdale 
(Goldst. coll.). 


29. MucronELLa pupricata, Waters (in Vincularie forma). 


Mucronella duplicata, Waters, loc. cit. p. 328, pl. xvi. fig. 54. 

In the specimen from Mt. Gambier. the peristome is much larger 
and more raised than in my figure from South-west Victoria. The 
mandible of the avicularia has been broad, spatulate, directed inwards. 


39. MiIcRopPoRELLA cILIATA, Pall. 


The avicularia are large and are placed high, so that the zocecia 
in consequence are very broad. Oral aperture 0-13 millim. wide. 

Loc. Living: Arctic seas, Britain, Mediterranean, Florida, New 
Zealand, Falkland Islands, Zanzibar, Aden, Arabian Sea, California, 
Port Fairy, and Warrnambool (Australia, McG). Fossil: Pliocene, 
Crag, several localities in Italy, Calabria, and Sicily. 
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31. MicroporELLA VIOLACEA, Johnst., var. FIssa, Hincks. 


Mrcroporella violacea, var. fissa, Waters, loc. cit. p. 329, pl. xv. 
fig. 26, pl. xvii. fig. 73. 


Loc. Living: Indian Ocean (#.). Fossil: 8.W. Victoria. 


32. MIcROPORELLA FERREA, Waters, var. PERFORATA. Plate VII. 
fig. 4. 


_ I am in doubt as to the generic position of this species ; but it 
seems clearly to be related to the fossil from South-west Victoria, as 
the mouth is similar in shape and about the same size, with the small 
avicularia in the mouth, and with similar large lateral zoccial 
avicularia. The three or five large pores remind us of Mucronella 
mucronata; and Eschara Liversidger, Woods, may belong to either of 
these species. 


33. MiIcROPORELLA ELEVATA, T. Woods. 


Eschara elevata, Woods, “ On some Tert. Austr. Bry.,” Trans. R. 
Soc. N. S. Wales, 1876, p. 2, fig. 10. 

Microporella elevata, Waters, loc. cit. p. 330, pl. xvii. figs. 63, 64, 
pl. xviii. fig. 90. 

Loc. Fossil: 8.W. Victoria, Bairnsdale (Groldst. coll.). 


34. MicrRoPORELLA YARRAENSIS, Waters. 


Microporella yarraensis, Waters, loc. cit. p. 331, pl. xv. figs. 27, 28. 
Eschara lichenoides, Busk (non M.-Ed.), Mar. Polyz. p. 90, pl. evi. 
figs. 1-38. 


In many specimens the large depressed area is absent; and in 
consequence of the state of fossilization I cannot always see any 
Microporellidan pore. There is often only one suboral avicularium. 

I am unable to agree with Mr. Hincks in thinking that Eschara 
lichenoides, Busk, is identical with H. mucronata, MacGill., though 
the figure of the last is so unsatisfactory that Iam by no means sure 
what it really represents, and it may be IW. coscinopora or violacea. 

The size of the aperture should of course be 0-06 millim. wide, 
not 0-6 millim. wide as previously printed. 

Loc. Fossil: 8.W. Victoria and Bairnsdale. 


35. MicRopoRELLA macroporA, Stol. Pl. VIII. fig. 18. 


Lepralia macropora, Stoliczka, Olig. Bryoz. von Latdorf, p. 84, 
pl. ii. fig. 3; Sitzb. Ak. Wien, math.-naturwissensch. Cl. Bd. xlv. 
Abth. 1, 1862. 


Zoarium in Lepralia-form. Zocecia distinct, broad in the middle, 
tapering off to the distal end, moderately convex ; surface perforated 
with rather large raised pores, arranged somewhat radially. On 
each side below the aperture an avicularium directed outwards ; 
mandible probably pointing upwards; above the aperture a large 
spine oravicularium. Oral aperture rounded above, straight below, 
0°13 millim. wide. 
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This differs from the Latdorf specimens in having two suboral 
avicularia, and should, perhaps, on that account be called var. biar- 
mata. Jam not able to see any median pore; but the character 
of the zocecia with the two avicularia is very similar to that of 
Microporella yarraensis, Waters, M. symmetrica, W., M. lichenoides, 
Busk, M. fuegiensis, B., &c.; and, further, the Latdorf specimen 
shows denticulated pores, which is a common character in Micro- 
porella. 

The median pore is often seen with difficulty ; and as justifying 
my having placed the present form with Microporella I may men- 
tion that in Tubucellaria cereoides I have been unable to find any 
median pore in the calcareous wall; but in decalcified and stained 
preparations there is one pore about the middle of the cell, which is 
then readily distinguished from the other pores by being larger and 
the contents staining differently, showing that it isa Porina, a genus 
to which Tubucellaria borealis &c. have already been referred. 

I consider Microporella macropora related to Anarthropora mo- 
nodon, Busk, and Escharipora stellata, Smitt, and think that Anar- 
thropora monodon and Microporella macropora, Stol., must probably 
be considered as synonyms. 

Loc. Miocene: Latdorf. 


36. MicRoPoRELLA INTROVERSA, Sp. nov. Plate IX. figs. 33, 34. 


Zoarium in Lepralia-form. Zocecia indistinct, surface punctured, 
distal end somewhat raised; a large acute avicularium directed 
inwards at the side of the zocecium and considerably below the 
aperture. Oral aperture rounded above, contracted below, with a 
straight proximal edge. The suboral pore is very indistinct and 
small, obovate. Oral aperture 0-2 millim. wide, 0°16 millim. long. 

This would be Diporula, Hincks ; but I have not found it ad- 
visable to separate it from Microporella. This species differs from 
Microporella (Diporula) verrucosa, Peach, in habit, and also in 
having the avicularium directed towards the oral aperture. 


37. Porrna cLYPEATA, Waters. 


Porina clypeata, Waters, loc. cit. p. 332, pl. xvii. fig. 67. 
S.W. Victoria. 


38. Porina coronata, Rss. 


Porina coronata, Waters, loc. cit. p. 333; and to the synonyms 
there given must be added 

Pustulipora ungulata, T. Woods, “Tert. Austr. Polyz.,” Tr. R. Soe. 
New 8. Wales, 1876, p. 150 (4). 


This was common in the Mount Gambier beds, also from Bairns- 
dale (Groldst. coll.), and has been found in the Schnapper Point beds, 
Victoria. 
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89. Porrtna tarvaris, MacGill. Plate VIII. fig. 19 *. 


Lepralia larvalis, MacGillivray, Nat. Hist. of Vict. dec. iv. p. 30, 
pl. xxxvii. fig. 5. 


Zoarium cylindrical, foliaceous, or incrusting. Zocecia not very 
distinct, upper part raised ; immediately below the aperture two 
very large pores; below these, somewhat to one side, an avicularium 
with acute or elongate mandible. Surface with denticulated pores. 
Dorsal (or basal) surface in incrusting form open. One or some- 
times two spines on each side of the aperture. Aperture (peristomial) 
0-16 to 0-18 millim. wide. 

The incrusting form from Australia is one of the most beautiful 
Bryozoa, to which the figure of MacGillivray does not do justice. 
It has a clear glassy shell, with the front of the peristome much 
projecting, with a central rim running down the peristome; and 
from this central ridge two smaller ones are given off to surround 
the large pores. 

The generic position of the above is a most difficult question. The 
two large suboral pores are clearly important structures; and as 
they open into the peristome I have placed it with the Porinide ; for 
I think we shall probably find that the pore of the Porinidz opens 
into the throat, while the pore of the Microporellide opens into the 
body of the zoecium. As an example, the pore of Porina coronata 
opens into the peristome above the operculum, whereas in Mvcro- 
porella enigmatica (Q.J.G.S. vol. xxxvii. pl. xv. fig. 30) it is in the 
centre of the front wall. On the other hand, the denticulated pores. 
(as seen in the recent specimens) are a Microporellidan character. 

If this is united to Porina, the definition of the genus must be 
somewhat extended; and the same change has been made with the 
Microporellide, which Mr. Hincks described as with ‘‘ a semilunate 
or circular pore on the front wall,” whereas I think we may say 
that in both families there may be more than one pore. 

Loc. Living: Williamstown (Victoria, McG.) ; Bondi Bay, New 
South Wales (A. W. W.), and Semaphore, Adelaide (A. W. W.). 
Fossil : Bairnsdale. 7 

I have also seen it in the British Museum among undescribed 
material from the southern hemisphere. 


40, LepRALIA spaTULATA, Waters. 

Lepralia spatulata, Waters, loc. cit. p. 335, pl. xviii. fig. 87. 

The large spatulate avicularia scattered between the zocecia are 
sometimes nearly as long as a zocecium. 
41. Lepratza rotracka, Ell. & Sol. Plate VII. fig. 3. 


For synonyms see Hincks, Brit. Mar. Polyz. p. 300. 
The position of the avicularium seems to vary, from being entirely 
in the mouth, to being placed some little distance down at one side, 


* [am sorry that the lithographer has been very unsucessful with this 
figure. The aperture should have been shown more regular and without the 
wide denticle figured. 
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as in the figure. An exactly similar variety to the one figured 
occurs from Bairnsdale, as well as varieties with the avicularium in 
the mouth and punctured all over the surface. 

Loc. Living: Hebrides and southern European seas; Cape of 
Good Hope; Indian Ocean. Fossil: Italian and Sicilian Pliocene, 
Bairnsdale. 


42, LEepRALIA EDAX, Busk. 


Cellepora edax, Busk, Crag Polyz. p. 59, pl. ix. fig. 6, pl. xxii. fig. 3. 

Lepralia edax, Hincks, Brit. Mar. Polyz. p. 311, pl. xxiv. figs. 7, 
7a, 8; Smitt, Floridan Bryozoa, pt. ii. 63, pl. xi. figs. 220-223. 

Cumulipora angulata, v. Munst., Reuss, Septarienthon, p. 63, 
pl. viii. fig. 12. 

In the Mount-Gambier specimen the oral aperture is quite at the 
distal extremity of the zocwcium, and is rather larger than in the 
specimen figured by Mr. Busk in the ‘ Crag Polyzoa,’ but smaller than 
in the recent specimen figured by Mr. Hincks. 

In the Australian specimen there are neither zocecial avicularia 
nor ovicells. The suboral avicularia are small. Oral aperture 0°12 
millim. wide, 0°13 millim. long, proximal edge 0°8 millim. The 
fragment is but small; but the cells are apparently heaped together 
in the usual Cellepora fashion. 

Loc. Living: Guernsey, Florida. Fossil: Sollingen (Oberoli- 
gociin) ; Crag. 


43. LEPRALIA BURLINGTONIENSIS, sp. nov. (in Vincularie forma). 
Plate VII. fig. 6. 


Zoarium erect, cylindrical. Zocecia hexagonal, distinct, divided 
by broad raised hexagonal divisions which extend round the oral 
aperture. The surface of each zoceclum somewhat rounded, with 
few large pores. Oral aperture at the distal extremity 0-13 millim. 
wide. 

Loc. Bairnsdale (Goldstein coll.). 


44, MoNnopoRELLA CRASSICAULIS, sp. nov. Plate VIII. fig. 23. 


Zoarium cylindrical, with six zocecia in a complete series. Zocecia 
smooth, indistinct. Oral aperture much depressed, horseshoe- 
shaped, slightly contracted towards the proximal edge, which is 
straight. On each side in the depression a small opening, which 
may have been avicularian. Two distal rosette-plates about the 
middle of the distal wall. 


45. MoNnoporELLA CRASSATINA, sp. nov. Plate VII. fig. 8. 


Zoarium erect, in Eschara-form, with about eight cells in a com- 
plete series. Zocecia ovate or elongate, distinct, raised; surface 
covered with large pores. Oral aperture large, rounded above, 
more or less straight below. 

In one specimen, which I believe to be of this species, the cells are 
much longer and the mouth is much more square, as the corners at 
the base of the aperture are rounded off; and it then looks much 


Be  EEeEeeEeEee————eEeEeEEeEeEeee = m 


: 
: 


FROM MOUNT GAMBIER, SOUTH AUSTRALIA. 271 


like Lepralia Pallasiana. The oral aperture is 0:18 to 0°22 millim. 
wide. 


46. MonopoRELLA HEBETATA, sp. nov. Plate VII. fig. 11. 


Zoarium in Lepralia-form. Zocecia small, broad, contracted to- 
wards the base; surface with few large pores (which may be den- 
ticulate). Two avicularia on a level with the oral aperture Oral 
aperture nearly semicircular, contracted below, proximal edge 
straight. The proximal edge of the aperture is about 0°12 millim. 
wide, while the widest part is 0-14 millim. 

On the under surface there are projections, which in some cases 
are perforated; and perhaps it was attached by tubular radicles. 


47. MonopoRELLA OBLONGA, sp. nov. Plate VII. fig. 9. 


Zoarium probably in Hemeschara-stadium. Zocecia elongate, with 
nearly parallel sides, distinct, divided by a thin raised line; a little 
below the aperture on each side close to the border a small rounded 
avicularium directed outwards; oral aperture large, about the 
width of the zocecium, rounded at the distal end, rather straight 
below, with the sides also straight, but with the corners rounded off. 
Oral aperture 0°31 millim. wide, 0°28 millim. long. 

This may be related to Lepralia rubens, Stimpson, 


48. PorELLA concinnA, Busk. 


Lepralia concinna, Busk, B. M. Cat. ii. p. 67, pl. xcix. 

Porella concinna, Hincks, Brit. Mar. Polyz. p. 323, pl. xlvi.; 
Hincks, ‘Coll. of Polyz. from Bass’s Straits,” p. 16, Proc. Lit. & Phil. 
Soc. Liverpool, 1881. 

Zoarium in EHschara-form. Zocecia punctured over the entire 
surface. Oral aperture 0°14 millim. wide. 

I have this species from Rapallo (Italy) also in Eschara-form. 

Loc. Living: Northern seas, Mediterranean, Bass’s Straits 
(H.). Fossil: Postpliocene. 


49, Surrria Tater, T. Woods. Plate VII. fig. 10; pl. VIII. fig. 21. 


Eschara Tater, T. Woods, ‘‘ On some Tert. Austr. Polyz.” Roy. Soe. 
N.S. Wales, 1876, p. 3, fig. xv. 

Eschara porrecta, T, Woods, loc. cit. p. 1. figs. 2, 3. 

Smittia Tater, Waters, loc. cit. p. 337, pl. xvii. fig. 65. 


This is a common but rather variable species. The zoaria are 
sometimes very small, with only a few zoccia in a series; other 
specimens are foliaceous. The long acute avicularium is sometimes 
found in every zocecium, while in other cases it is but seldom met 
with. 

Eschara parallela, Reuss, from the Italian Miocene, much resem- 
bles this; but the suboral avicularium is absent. 

Athough this is a common species, I have only seen a single 
ovicell, which is globose, not very much raised. This species would 
seem to be closely related to S. Landsborovi. 
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50. Swarrra Rericunata, MacGill. 


See Hincks, Brit. Mar. Polyz. p. 346, pl. xlviii. figs. 1, 5. 
Smittia reticulata, Hincks, On a Coll. of Polyzoa from Bass’s 
Straits, p. 16, & Ann. Nat. Hist. Aug. 1881, p. 64. 


Loc. Living: Northern Seas, Britain, Mediterranean, Falkland 
Islands, Australia. Fossil: Bairnsdale. 


51. Smirrra TRIsPrnosa, Johnston. Plate VIII. fig. 20. 


There is only a small fragment badly preserved ; but the oral and 
lateral denticles are preserved, and there are one or two avicularia 
at the side of the mouth directed upwards. 


52. Smirrra sEeRmATA, Rss. Plate VIII. fig. 17. 


Lepralia serrata, Rss. Die foss. Bryoz. des, 6st.-ung. Miociins, 
pe S2ipl.difig,, 12. 

Zoarium in Eschara-form, branches 2-3 millim. wide. Zocecia 
usually flat, separated by a wide slightly raised margin, oblong, 
arched above, sides parallel, four more or less regular rows of 
parallel pores, between which are rounded granulations; oral 
aperture horseshoe-shaped, rather contracted below, proximal edge 
straight, with a large rounded or angular denticle turned inwards, 
also a denticle on each side of the aperture. Oral aperture 0:14 
millim. wide. 

It is difficult to know where this should be generically placed ; 
but as the peristomial characters in Smittia are very variable, we 
seem to be justified in placing it with Smittea, on account of the form 
of the denticles. 

Loc. Miocene: Rauchstahlbrunngraben (Baden). 


53. SMITIIA BUINCISA, sp. nov. Plate VII. fig. 1. 


Zoarium orbicular, somewhat convex, with the zoecia radiating 
from the centre. Zocecia distinct, ovate, raised, with a prominent 
mucro or avicularium immediately below the oral aperture, and two 
much-raised tubular avicularia above the aperture. ‘The area of the 
mucro is without pores; but below this there is an irregular double 
row of large pores ; oral aperture rounded above, with a prominent 
expanded denticle in the aperture, giving the appearance of two 
distinct sinuses. Oral aperture 0°12 millim. wide. Distal rosette- 
plate near the base of the distal wall, very elongate. J am unable 
to see the shape of the true oral aperture, but think that the denticle 
(although placed higher than is usual in Smittia) indicates the 
generic affinity. 


54. ScurzoporELLa Ceci, Aud. 


Flustra Cecilii, Aud. Savigny, Egypte, p. 66, pl. viii. fig. 3. 

Schizoporella Cecilit, Hincks, Brit. Mar. Polyz. p. 269, pl. xlii. 
fig. 6. 

Lepralia Cecilii, MacGillivray, Zoology of Victoria, decade iy. 
p. 21, pl xxxy: fic. 2. 
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Schizoporella Gandy, Haswell, On some Polyzoa from the Queens- 
land Coast, p. 40. 


Oral aperture 0°13 millim. ore 0-1 millim. long. 
Loc. Living: Cornwall, Jersey, Guernsey, Mediterranean, Red 
Sea, Japan; Warrnambool, Victoria. 


55. ScHIZOPORELLA AURICULATA, Hass. 


This occurs in the Vincularia- and Lepralia-form in Mount Gam- 
bier, and in the Hemeschara-form in Bairnsdale. 

Loc. Pliocene: Bruccoli (Sicily), and in Saharian beds of Reggio 
(Calabria). Living: European and Australian seas. 


56. ScHIZOPORELLA TENELLA, Rss. 


Cellepora tenella, Reuss, Die foss. Polyp. des Wiener Tert. 

Reptoporina tenella, d’Orb. Pal. Frang. p. 442. 

Lepralia tenella, Reuss, Die foss. Bry. des dst.-ung. Miocins, p. 
23, pl. vi. figs. 8-5. 

The zoarium consists of zooecia in a single layer forming a hollow 
cylinder about 2:5 millim. diameter (probably it has grown over the 
round stem of some seaweed). Zocecia in irregular longitudinal rows, 
divided by a much-raised border ; irregularly oblong with parallel 
sides or rhomboidal surface coarsely granulated and perforated, below 
the aperture a narrow acute avicularium directed downwards. Oral 
aperture rounded on the distal end, proximal with a large rounded 
sinus ; in some cases the aperture is much contracted above the sinus ; 
1 millim. wide, 0-9 long. Sometimes the distal border extends as a 
bar above the middle of the aperture, so that the opening appears 
divided into two. 

This much resembles Leprala subimmersa and anceps, MacGilli- 
vray (Prodr. of Zool. p. 23, Decade iv.), but differs from the former 
in the shape and direction of the avicularium, and from Smittia 
anceps in having no denticle. 

Loc. Miocene: various localities in Austria and Hungary. 


57. Scu1zoeoRELLA cornutTA, Gabb & Horn. Plate VII. fig. 5. 


Reptescharellina cornuta, G. & H., “ Fossil Polyz. of the Second. & 
Tert. Form. of N. Amer.” p. 147, pl. xx. fig. 31, Journ. Ac. Nat. Sc. 
Philad. vol. v. pt. 11. 1862. 

Zoccia quadrangular, elongate, sides nearly parallel, surface coarsely 
punctate, a raised avicularium at each side of: the oral aperture. 
Oral aperture rounded at the distal end, with a wide sinus at the 
proximal. Width 0-10 millim., length 0.11. Ovicell raised, 
globular, about the width of the zocecium. 

Loc. Miocene: Santa Barbara (Carolina), G. & HZ. 


58. ScHIZOPORELLA CoNSERVATA, Waters. Plate VII. fig. 7. 
Schizoporella conservata, Waters, loc. cit. p. 340, pl. xviii. fig. 81. 
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59. ScHIZOPORELLA BOMBYCINA, sp. nov. Plate IX. fig. 36. 


Zoarium in Lepralia-form, zocecia subhexagonal to ovoid, surface 
with transverse lines. Ovicells globular, very small, not double the 
diameter of the oral aperture. Oral aperture formed at the distal 
end of a semicircle, 0°13 millim. in diameter, with a broad sinus at 
the proximal end. A raised triangular avicularium at one side a 
little below the mouth. This corresponds in many particulars with 
Cellepora pumila and C. inornata, Gabb and Horn, but the shape of 
the aperture is formed by two definite arcs, and the ovicells are not 
acuminate. 


60. ScHIzoPpoRELLA MARGINOoPORA, Rss. Plate VII. fig. 2. 


Cellepora marginopora, Rss. Foss. Polyp. Wien. Tert. p. 88, pl. x. 
fig. 23. 
” Reptescharellina prolifera, Gabb & Horn, Monogr. Foss. Polyz. of 
the Second. & Tert. Form. of N. America, p. 146, fig. 28. 


Zocecia oval or elongate, raised at the distal end; oral aperture 
rounded with a broad sinus below, surrounded by a raised border which 
encloses the two lateral avicularia at the sides of the aperture. 
There is a slight depression in the border just below the sinus; 
this is evidently the remains of an ayicularium. Oral aperture 
0-25 millim. wide, 0°23 millim. long. 

Loc. Fossil: Cretaceous, Mullica Hill (N. J., United States) ; 
Miocene, Bischofswart. 


61. ScurzoPpoRELLA AcuUMINATA, Hincks. 


Schizoporella acumimata, Hincks, ‘“‘ Polyzoa from Bass’s Straits,” 
Ann. & Mag. Nat. Hist. ser. 5, vol. viii. 1881, p. 62, pl. ii. fig. 1; 
Hincks, “On a Collection of Polyz. from Bass’s Straits,” Proc. Lit. & 
Phil. Soc. Liverpool, 1881, p. 15. 


Zocecia distinct, raised, broadly ovate; surface granular and per- 
forate, with a small avicularium on one side a little below the 
orifice ; oral aperture rounded on the distal edge, straight below, 
with a distinct narrow sinus; ovicell small, broad, short, and but 
very little raised. Oral aperture 0°15 millim. wide, 0-1 millim. long. 

The extremity of the fossilis not so acuminate as in Mr. Hincks’s 
figure from Bass’s Straits; but this is not a constant character, as 
some cells are acuminate while others are round, and I have speci- 
mens from Bairnsdale in which none of the cells are acuminate. 

Loc. Living: Curtis Island, not deeper than 40 fathoms (Z.). 
Fossil: Bairnsdale. 


62. ScHIZOPORELLA FILIFORMIS, sp. nov. (in Vincularie forma). 
Plate VIL. fig. 12. 

Zoarium erect, with four or five cells in a series. Zocecia elon- 
gate, subhexagonal, ridge arched, distinct, divided by wide raised 
borders, which are arched above; surface finely punctured; oral 
aperture rounded at the distal extremity, with a wide sinus at the 
proximal. 


| 
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This may possibly be Vincularia areolata of Hagenow, from the 
Maestricht beds. 


63. RETEPORA MARSUPIATA, Smitt. 


Retepora marsupiata, Waters, loc. cit. p. 342, pl. xv. figs. 34, 35, 
ja plixvil. ties. 59, 61, 76, 77. 

Loc. Living: Florida, Teneriffe. Fossil: 8. Barbara, Amer. ; 
S.W. Victoria (A. W. W.), Bairnsdale (Goldstewm coll.). 


64, REerepoRA RIMATA, Waters. 


Retepora rimata, Waters, loc. cit. p. 3438, pl. xvi. figs. 48, 53. 
This is common from Mount Gambier and from Bairnsdale. 


65. CELLEPORA YARRAENSIS, Waters. 


Cellepora yarraensis, Waters, loc. cit. p. 343. 
This also occurs from Bairnsdale; and as it is better preserved 
there I purpose figuring one of the specimens from that locality. 


66. CELLEPORA Fossa, Haswell. 


Spheropora fossa, Haswell, ‘‘ On Polyz. from Queensland Coast,” 
Proc. Linn. Soc. N. 8. Wales, vol. v. pt. 1. p. 42, pl. ii. figs. 5, 6. 

Cellepora fossa, Waters, loc. cit. p. 348, pl. xviii. fig. 89. 

Loc. Living: Holborn Island. Fossil: 8.W. Victoria (A.W. W.). 


67. CELLEPORA scABRA, Fabr. 


Both in the Mount-Gambier and Bairnsdale collection there is a 
small fragment of Cellepora with a rostral avicularium in front of 
the aperture, with the mandible pointing upwards. The aperture 
is nearly round, and the ovicells are very much flattened. 


68. LUNULITES CANCELLATUS, Busk. 


Lunulites cancellata, Busk, Cat. Mar. Polyz. p. 101, pl. exiii. figs. 
4-7; Waters, loc. cit. p. 344. 


I have a specimen from Bairnsdale which is better preserved than 
those from Mount Gambier or the fossil from South-west Victoria. 
The aperture is surrounded by semiglobular avicularia with small 
semicircular mandibles at one side. In a specimen from off Raton, 
New Guinea, there are also larger spatulate avicularia at the side of 
the oral aperture ; and then we see that it is related to Lunulites 
(Conescharellina) conicus, Hasw.=Lunulites incisa, Hincks. 

Loc. Living: Philippine Islands and New Guinea, 7 fathoms, 
&e. Fossil: 8.W. Victoria (A. W.W.), Bairnsdale (Groldst. coll.). 

Besides those named, there are a few undetermined species. First 
there is a bead of Catenicella, which looks very much like C. mar- 
ginata, Waters ; then there is an incrusting colony in the Lepralia- 
form with wide distinct zocecia, with perforated surface and rather 
wide aperture, of which the distal end is round and the proximal 
straight or somewhat lip-like, and much resembling Mucronella 
variolosa (see plate li. fig, 7, Hincks’s Brit. Mar. Polyz.) ; but there 
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does not seem to be any denticle. Another incrusting species with 
cells more or less erect, as in Cellepora, and with a very large 
aperture (about 0°25 millim. wide), contracted in the middle and 
expanded below, as in Lepralia lata, may be new, as | have been 
unable to identify with it any described species. There are also 
some pieces of Retepora, which might be R. robusta, Hincks, or R. 
porcellana, MacG. 

The specimen figured in Pl. VIII. fig. 221s probably a Smittia. 
The distal ends of the zocecia are very much raised, giving the colony 
the appearance of Diastopora. 


EXPLANATION OF PLATES VII -IX. 


PuatTe VIL. 


oe 


Smittia biincisa, sp. nov., X 25: a, diagram of distal wall, showing rosette- 
plate, slightly magnified. 

. Schizoporella marginopora, Rss., X 12. 

. Lepralia foliacea, Ell. & Sol., X 12: a, enlarged aperture. 
. Microporella ferrea, var. perforata, X 12. 

Schizoporella cornuta, Gabb & Horn, x 12. 

. Lepralia burlingtoniensis, sp. nov. X 12. 

. Schizoporella conservata, Waters, X 12. 

. Monoporella crassatina, sp. nov., X 12. 

. Monoporelia oblonga, sp. nov., X 12. 

10. Smittia Tutei, T. Woods, x 12. 

11. Monoporella hebetata, sp. nov., X 12 and X 20. 

12. Schizoporella filiformis, sp. nov., xX 12. 


OOIDMNBEOt pt 


Pruate VIII. 


13. Membranipora cylindriformis, Waters, X 12. 

14. Membranipora dentata, sp. nov., X 25. 

15. Membranipora articulata, sp. nov., X 25. 

16. Ditto, x 12. 

17. Smittia seriata, Rss., x 12: a, aperture more magnified. 

18. Microporella macropora, Stol., x 12. 

19. Porina larvalis, MacGill. « 12. 

20. Smittia trispinosa, Johnst., x 12: a, enlarged aperture. 

21. Smittia Tatei, T. Woods, x 25, figured from specimen from 8.W. Victoria. 

22. Smittia ? sp. 

23. Monoporella crassicaulis, sp. noy., X 12: a, section showing position of 
rosette-plates. 


Puate IX. 


24. Menipea innocua, sp. nov., X 12. 

25. Membranipora confluens, sp. nov., X 25. 

26. Membranipora radicifera, Hincks, X 25. 

27. Diagrammatic view of sides of ditto, showing rosette-plate. 
28. Cellaria angustiloba, Busk, X 25. 

29. Avicularium of ditto, x 85. 

30. Oral aperture of ditto, x 85. 

31. Steganoporella patula, Waters, X 12. 

32. Membranipora perversa, sp. nov., X 25. 

33, 34. Microporella introversa, sp. nov., X 12 and X 265. 
35. Membranipora tripunctata, sp. nov., X 25. 

36. Schizoporella bombycina, sp. nov., X 12. 
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28. The Guotocy of Mapzrra. By J. Srarxie Garpyer, Esq., F.G.S. 
(Read March 8, 1882.) 


Tx geology of Madeira has already formed the subject of three 
communications to this Society, and the present notes are therefore 
brief, 

The island, it is well known, is almost wholly composed of basaltic 
rocks, which rise more or less precipitously from the sea and culmi- 
nate in a central ridge of some 5000 or 6000 feet in height. 
Including the Desertas, which are separated by a narrow channel, 
only 400 feet in depth, its extreme length may be roughly stated at 
50 miles, and its greatest breadth at 17 miles; yet so broken is the 
surface that some 250 miles must be traversed in order to become well 
acquainted with its varying scenery. The oldest of the basalts are 
considered to have been of submarine formation, and the only paleon- 
tological evidence as to their age consists of a small patch of coralline 
limestone included towards the north-west of the isle, and referred to 
the Upper Miocene; while a hitherto undescribed bed, with fossil 
plants, shows that volcanic activity was continued until the most 
recent period. There are, however, no traces of either hot springs, 
fumaroles, or sulphur deposits, though some of the lava-streams appear 
as unweathered as when newly formed; and immediately west of 
Funchal there are parasitic cones so little altered that it seems difficult 
to imagine them completely extinct. Madeira, since its discovery, 
has been profoundly quiescent; if any movement takes place, it is 
one of slow elevation. 

The chief feature about the basalt is the enormous number of 
dykes which riddle them in every direction ; and in this respect they 
are in striking contrast to the unbroken sheets which characterize 
Iceland and the Faroes. very cliff and precipice shows sheet after 
sheet of lava, not continuous or parallel for long distances, but 
variable in thickness, interstratified with tuffs, scorie, and bright 
brick-coloured earths, and cut through in every direction by innu- 
merable dykes. These dykes, weathered into mountain-tops of the 
most fantastic forms, give a grandeur and ruggedness to the scenery 
far beyond any thing I have met with in other basaltic districts, while 
the thorough immunity from glacial action has left the sides of the 
gorges and ravines in almost vertical precipices. 

_ Occupying a nearly central position in the island is the Curral, a 
deep horseshoe-shaped valley, more than four miles in diameter and 
with its bed raised 2500 feet above the sea. It is almost encircled 
by precipitous walls, which tower 3000 feet above it, and embrace the 
loftiest peaks (Pico Ruivo 6050 feet, Sidraéio 5500, the Torres 5980, 
&e.), from which radiate the principal mountain-chains in the 
island. ‘The walls are breached to the south and form the outlet of 
a torrent, the Ribeira dos Soccorridos. This valley, at first narrow, 
widens into an ellipse, similar to, but in every respect less grand than, 
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the"Curral, and continues thence as a narrow gorge to the sca. It 
is remarkable that this gigantic depression occupies an almost iden- 
tical relative position in Madeira that the Peak occupies in Teneriffe, 


which would, moreover, if deprived of its central cone, strongly 


resemble it in size and in configuration. 

Sir Charles Lyell, however, in the ‘ Elements of Geology,’ 1865, 
expressed the opinion that the Curral was not an ancient crater, but 
a valley of erosion like the Little Curral or the neighbouring Serra 
d’Agua ; but as this view seems to have been omitted in later editions, 
it is possible that Sir Charles himself saw reason to changeit. There 
can be no doubt, in fact, that it is actually a magnificent example of 
what Scrope has described as the basal wreck of a volcanic mountain 
blown into the air by some paroxysm of peculiar violence and 
persistence. Its almost perpendicular walls reveal sections of at 
least 3500 feet of stratified basalts and tuffs, through which enormous 
vertical trachytic dykes radiate as if from a common centre. The 
edge of the former crater, though fretted into mountain-peaks, 
preserves in many places the beds of scorie of the ancient cone, 
remains of which are seen sloping outwardly on all sides, at the usual 
angles of rest assumed by voleanic ash. he radiating dykes have 
been weathered on the eastern side into the inaccessible and fantastic 
summits of the Torres, while on the north and west are the more 
perfect and imposing masses of Ruivo and Canario. ‘There is no 
other trace of any great crater throughout the island ; and it seems 
perfectly obvious that during the trachy tic period, at least, this was 
the main vent whence the lavas and scorie were poured out. The 
two craters mentioned by Lycll, one at $8. Antonio da Serra, towards 


the east end of the island, and the other to the west, on the edge of 


an elevated plateau, the Paiil da Serra, are quite insignificant, and 
were probably only formed when volcanic activity was declining. 


Lhe lossiliferous Limestone of Madeira. 


It appears extremely probable that the limestone deposit to which 
I have already referred is the only one now exposed in the main 
island of Madeira; for limestone is in request in building the great 
irrigation works so long in progress, yet it 1s now wholly imported 
from Porto Santo, where it is the fundamental formation of one of the 
smaller islets of the Porto Santo group. ‘This deposit is situated on 
the left hand in ascending the gorge of Sao Vicenti, in a ravine known 
as the Achada do Furtado, 1850 feet above the sea, and consists of 
a tufaceous conglomerate with coralline limestone and other remains 
of a marine fauna. The upper part is crystalline and compact, with 
indistinct traces of Mollusca, though Bryozoa are sometimes 
beautifully weathered out, especially towards the top. Lower down 
it is less compact and contains shells, corals, and a large Clypeaster. 
Some 80 feet lower down is a kiln, and 25 feet below this again is 
a breccia of rounded boulders and fragments containing bivalves and 
spines of Echinodermata. The limestone is only partially exposed on 
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the sides of the ravine, and dips N.W. towards the sea at a high 
angle, so that it is difficult to estimate its thickness with any 
accuracy. | 

To the list of species published by Karl Meyer in Hartung’s ‘ Geology 
of Madeira,’ Mr. Yate Johnson has added Pholadomya, Terebra, and 
Aturia zigzag, from the supposed contemporaneous beds of Porto 
Santo. 

The far more recent calcareous sand of Canical has been fully 
described by Lyell. All but two, however, of the Pulmonates which 
were then supposed to be extinct have since been found living; and 
the total number for the Madeiras has now risen to at least 165, for 
a single collection formed by Mr. Leacock contains this number. 


The Fossiliferous Clays and Tuffs of Madeira. 


The lignite bed of Sao Jorge, the only one in the island, is 
situated 1000 feet above the sea-level, in the depths of a wild gorge 
whose almost perpendicular sides of lava and scoriz tower to a height 
of 2000 and 3000 feet. It is reached by ascending the rocky bed 
of a torrent, overhung by primeval laurel-woods which are carpeted 
with moss and a most luxuriant fern-growth. The spot has been 
visited by Lyell, Bunbury, Conybeare, and Hartung; but at some time 
previous to 1865 it was buried by alandslip and had not since been 
seen. In my visit during 1880 I was accompanied by Mr. Charles 
Cossart and a guide who was well acquainted with the spot and had 
formerly collected there ; and with the assistance of our hammock- 
bearers we were able to clear the upper parts of the bed from tangle 
and débris. No lignite, however, was visible, although we apparently 
reached the basalt; and it is therefore probable that the thin bed of 
upper lignite in Hartung’s section no longer exisis. The beds appeared 
to be lenticular in section and of small extent, made up of compressed, 
light brown, shaly clays between layers of hard stone, and full of 
indistinct vegetable remains. In place of the lignite I saw 7 feet 
of blackish shales, with well-preserved twigs and branches, and 
resting on basalt. 

The section, as given by Hartung, is:— 


ft, an 
Tufaceous breccia, partly concealed, depth unknown. 
EEN cca.n tre oat fda oo ane Capea s sn snte amemiree eae Rana a aia tre are 
Tufaceous breccia with plants, passing right and left to basalt ...... 3 0 
Wiper MAREE, ce udaoeesaiice tne eyeeebbes sev dldche Ree unOneey ED amy abode Sas Dine 
ere ee let vata e atain cn oe alin pene clone cl ons ose Uae Eee Ee REC So aes 10 0 
Peace Attend oie ek ads Haan ew oR aia cide » «aren ciate the eRe oR RE RS ea asin 15 0 
Sy Ps cd dvatetascinedsccet siajisnpsngmd daddy ted ed mee eae An codices — ? 


No distinct remains of plants are now found, though they were 
formerly met with abundantly. ‘Sir Charles Bunbury recognized 
Woodwardia, Davallia, Nephrodium, and other common Madeira 
ferns, and laid stress on the myrtle- and laurel-like character of the 
dicotyledons, which he considered all to belong to the existing flora 
of the island. Heer, however, in describing a collection made by 
Hartung, comprising 27 supposed species, referred many of them to 
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extinct forms, and several to plants not now indigenous to the island, 
a series of mistakes subsequently pointed out and rectified by Lowe 
in the‘ Botany of Madeira.’ 

This appears to be the only known lignitic formation in the island, 
and is the only locality whence fossil plants have been obtained, 
except that discovered by Mr. Yate Johnson, and now to be described. 

Facing the Ilha do Porto da Cruz, just east of and overshadowed 
by the vast Penha d’Aguia, whose sea-front presents a vertical cliff 
1700 feet in height, lies a small promontory, whose height, though 
some 150 feet, is rendered utterly insignificant by the proximity of 
its gigantic neighbour. It is capped with a whitish or ashy-grey 
trachytic tuff, succeeded by layers of hard breccia and brittle, ferru- 
ginous, sandy tuff, about 15 beds of which recur interstratified together. 
In one of the lowest beds of the latter I obtained beautifully preserved 
leaves of two species of bramble, and both the leaves and flower-spikes 
of a Carex, while a little to the west a few silicified stems were im- 
bedded. ‘The leaf-bed I saw was extremely local, and may not have 
been exactly the same as that observed in the same locality by Mr. 
Yate Johnson some years since, who, indeed, found leaves on different 
horizons, some of which cannot be referred to Rubus. The whole 
formation rests upon a platform of highly vesicular basaltic lava, under- 
mined into deep caverns by the sea. These tuffs and those overlying 
the formation are the only deposits of the kind in the island; they 
belong to the very latest of the igneous series of Madeira, and are 
probably Quaternary or Recent. Filling up a valley as they do, 
they must have been formed after the erosion of the whole series of 
basalts of the Penha d’Aguia into the present rectangular mass, 


2000 feet high, by torrents whose powers seem utterly inadequate — 


to have accomplished the work. Beds of lava and ash with an 
ugeregate thickness of at least 2000 feet must have been ejected, at 
intervals which permitted the formation of considerable accumulations 
of vegetable soil, and again eroded through to the sea-level, between 
the close of the Miocene and the close of the volcanic period, if closed 
it be, of Madeira. 

In conclusion I have to express my deep obligations to Mr. Leland 
C. Cossart for the hospitality which enabled me to explore so much of 
Madeira, and to Mr. Charles Cossart for the companionship which 
rendered our many fatiguing excursions a pleasure, as well as for the 
valuable assistance rendered me in collecting specimens and 
arranging for their safe arrival at their destination. 


DIscussIon. 


Mr. Erurrimes said that the coralline limestone appeared to him to 
belong to the same as that of St. Thomas’s, Barbadoes, and other 
West-Indian localities. He asked if the author had seen the Phola- 
domya mentioned ; of that genus only one species now existed, 
namely P, candida. As for the leaves, a most able botanist was 
present, Much information upon the Miocene rocks may be obtained 
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from the memoirs on the Geology of Jamaica and Trinidad by 
Messrs. Sawkins and Wall. 

Baron von ErrinesHavseEn said that it was necessary to become 
familiar with plants that still existed in their various conditions of 
development, as affected by climate, soil, &c., before their variations 
could be understood. It was needful to compare a large number of 
specimens both of ancient and existing plants; and it must be 
remembered that variations existed in fossil plants, and that there 
were existing forms that reached backwards, and fossil forms that, 
as it were, extended forwards, so that great caution was needful. 

Mr. Evans, after interpreting the remarks of Baron von Kttings- 
hausen, who had spoken in German, said that these remarks showed 
the extreme need of caution in founding species and genera on 
isolated specimens of fossil plants. The variation in existing foliage 
was a strong warning against this. 

Mr. Srarxiz Garpyer said it was singular there should be only 
one calcareous formation in so large a division of the island. Lists 
of the fossils existed. He had called especial attention to the 
leaf-beds as a caution to paleobotanists ; for he thought, as a rule, 
that plants could not be determined from mere leaves. He thought, 
however, that the value of plants had been too much overlooked. 
The Reading flora, recently exposed, corresponded remarkably with 
that of Greenland, which seemed to indicate that in the warmer 
mid-Kocene period the plants of more temperate regions migrated 
and went on living northward, whence, in the cooler Miocene 
times, they again descended, 
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29. On the Expnoration of two Caves in the Neighbourhood of 
Tensy. By Ernest L. Jones, Esq. Communicated by Prof. 
W. Boyp Dawrtns, F.R.S., F.G.S. (Read May 10, 1882.) 


THE object of the present paper is to give a short account of some 
facts recently brought to light during the exploration of two caves 
in the neighbourhood of Tenby. 

The first of these, the cave of the Coygan, near Laugharne, was 
described by Dr. Hicks, who visited it some years ago; but, until 
recently, it had never been thoroughly explored, nor had it afforded 
any evidence of the presence of man. During the past summer it 
was examined by Mr. Laws, of Tenby, and myself with more 
success. 

Before giving the results of our exploration, it may be advisable 
first of all to describe the fissure itself. The cave (fig. 1) is situated 
at the summit of an outiier of Mountain Limestone, which overlooks 
Caermarthen Bay, and forms a part of an ancient line of sea-cliffs. 
It is about 250 feet above the level of the sea. The entrance to the 
cave is below the level of the adjacent rocks, so that, in order to 
enter the cave, you have to descend a small pit or depression at the 
summit of the outlier. On entering, the passage is found to descend 
at an angle of about 30°, until a lofty cavern is reached at a distance 
of about 30 feet from the entrance. In the widest part the passage 
is about 30 feet across. 

At this point the cave ramifies into two branches at right angles 
to one another; one of them enters for about 80 feet, running in a 
direction at right angles to the entrance-passage, and terminates in 
a “spout” (A) at about 130 feet from the mouth of the cave. The 
other branch, which is the prolongation of the entrance-passage, 
passes on for about 20 feet, forming a moderately large chamber (B) ; 
it then becomes gradually constricted, and terminates likewise in a 
spout (C) at a total distance of 117 feet from the entrance. 

Before we began our excavations the cave-floor was covered with 
a deposit of stalagmite, which had only been broken through in one 
place ; this stalagmite was moreover often concealed by fallen blocks 
and débris of recent accumulation. There was, however, no accu- 
mulation of black earth of neolithic date ; and there were very few 
bones of recent animals above the stalagmite. The stalagmitic floor 
itself varied greatly in thickness, being sometimes quite 12 inches 
thick. After breaking through the stalagmite, which was very hard 
and crystalline, we came upon the breccia or cave-earth, in which 
we excavated a trench with very satisfactory results. 

The most abundant remains were those of the Cave-Hyzena (Hycna 
spelea). The teeth and jaws of this creature were most abundant, 
the specimens belonging to individuals of all ages. The coprolites 
of the same animal were also found in incredible abundance, many 
of them occurring in flattened layers, as if they had been trampled 
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upon. Avery large number of splinters and fragments of bone were 
scattered throughout the caye-earth, and all these bore the tooth- 
marks of the Hyena. 


Fig. 1.— Reduced Ground-plan of Coygan Cave, near Laugharne, 
Caermarthen, 


SCALE OF FEET 


E. Entrance to cave. 

A and C. Terminal spouts of its two branches. 

a. Small trench cut by Mr. Laws: here the deposit consists of sand overlaid by 
nearly a foot of stalagmite, but without any bones. 

B. Large chamber. 

x. Point where the two flints were found by Mr, Laws, beneath at least 10 inches 
of stalagmite, and in the cave-earth. 

The cave-earth afforded remains of Hlephas primigenius, Rhinoceros tichorhinus, 
Bos primigenius, Equus caballus, Cervus tarandus, C. elaphus, C. alces (?), 
C. megaceros(?), C. capreolus, Hippopotamus (?), Hyena spelea, Felis spelea, 
Ursus speleus, Canis lupus, C. vulpes, and paleolithic man. - 


The remains of the Horse (Hquus caballus) were extremely plen- 
tiful, but they consisted almost entirely of teeth; and the few bones 
which we obtained were very much gnawed and decomposed. 

The Mammoth (Hlephas primigenius) was represented by the 
teeth of several individuals, varying considerably in age, and also 
by a few bones, which were, however, very much decomposed. 

The teeth of the Woolly Rhinoceros (2h, tichorhinus) were 
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tolerably plentiful ; and we obtained a considerable number of bones 
of this creature. 

The Hippopotamus (?) was represented by no very reliable speci- 
mens, and by no teeth whatever. This last fact, viz. the absence 
of the teeth, seems to throw additional doubt on the propriety of 
placing the Hippopotamus in the list of the fauna of the cave. 

The Elk (Cervus alces?) was represented by a number of teeth, 
portions of the jaws and antlers, and a few bones. 

The Red Deer and Roe Deer (C. elaphus and C. capr con were 
also found in the caye-earth. 

The Reindeer (C. tarandus) was plentifully represented by teeth, 
bones, and portions of antlers. 

The Cave-Bear (Ursus speleus) was one of the most prominent 
Carnivores, being represented by several split and gnawed bones, 
and by several fine molars and canines of large size. 

The Cave-Lion (felis spelea) was only represented by a portion of 
a fine canine. 

A singular fact was the rarity of the remains of the genus Bos. 
Only three teeth have been found in the cave: these probably belong 
to B. primigenius. 

In conclusion, the Wolf and Fox (Canis lupus and C. vulpes) must 
be added to this list. 

The most important discovery, however, was the finding of two’ 
flint flakes, evidently chipped by man. These were taken out by 
Mr. Laws from beneath 10 inches of stalagmite, at the point x in 
fig. 1; they were in situ, embedded with the pees of the Mammoth 
ad Rhinoceros, and were oxidized to a white colour. Besides these 
we found several bones which appear to have been cut by man, one 
appearing to have been intended for an awl. We have therefore the 
satisfaction of placing paleolithic man in the list of the fauna of the 
cave. 

We may conclude that the cave was a hyena-den. This fact is 
shown by the abundance of the teeth and coprolites of that crea- 
ture, and by the fact that almost all the bones in the eave bore the 
tooth-marks of the same animal; while no water-worn pebbles or 
earth, other than that which appeared to have been derived from the 
decomposition of animal matter, were present. I have already 
referred to the distribution of the coprolites in flattened layers as © 
if they had been trampled on. 

We may conclude, then, that the whole of the deposit was formed 
by the dragging in and devouring piecemeal of body after body of 
the animals whose remains are here; and, looking at the enormous 
extent of the deposit, we are forced to conclude that many genera- 
tions of Hyzenas inhabited the cave. Perhaps it was occupied by 
these creatures at intervals; and between these periods it was in 
all probability frequented by the cave-men, who left here their rude 
implements of flint and bone. 

Recently remains of the Mammoth have been brought to light in 
the submerged forest which skirts all the Pembrokeshire coast, and 
thus additional evidence is afforded by which to correlate the period 
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of the caves with that of the forest-bed. When the paleolithic men 
inhabited South Wales, the Bristol Channel was a large well-watered 


_ plain, with lakes which gigantic Hippopotami inhabited, some of it 


forest-land in which Elephants roamed, while over its plains swept 
herds of wild horses and perhaps oxen. The weaklings and strag- 
glers of these readily fell a prey to the cowardly Hyznas, and were 
dragged piecemeal into such dens as the Coygan. 


The second cave, the “ Hoyle’s Mouth,” about two miles from 
Tenby, is situated in a spur of the “ Ridgway,” the synclinal axis 
which extends from Tenby to Pembroke. It was partially explored by 
the late Rector of Gumpreston, the Rev. G. Smith, who gave an 
account of his proceedings in a paper read before the British Asso- 
ciation. The fissure had also been examined by others at various 
times. 

It will perhaps be necessary to describe first of all the fissure itself 
(fig.2). Entering by a wide and lofty embouchure (A) it soon becomes 
narrow, and, at a distance of about 60 feet, bends sharply. At a 
further distance of 60 feet a small chamber (C) is reached ; the last 
and largest chamber (D) is about 30 feet further on, and from it the 
fissure is only practicable for a further distance of 10 feet in one 
direction, and with great difficulty for about the same distance in 
another direction (KE). 

The remains in the collection of the late Rev. G. Smith are those 
of the Bear (Ursus arctos), Reindeer (Cervus tarandus), Irish Elk (C, 
megaceros ?), and Red Deer (C. elaphus), with bones of recent animals, 
human bones, and flint flakes in considerable numbers. 

These flint fakes were assigned by Mr. Smith and others to ‘the 
paleolithic period ; and some of the bones now in the Tenby Museum 
were described as those of the Cave-Bear (U. speleus) and the 
Hyena. The former, however, belong apparently to the Brown Bear 
(U. arctos); and the only evidence upon which the Hyena is placed 
on the list is that afforded by two small bones, which have been 
gnawed, and which belong to the Brown Bear. 

Three or four years ago I determined to examine the cave 
thoroughly, and with that object commenced operations in the 
inner chamber (D), in which the deposit had been much disturbed 
by previous explorers. Here, mixed up with the remains of recent 
animals, I found remains of the Brown Bear (Ursus arctos), the Rein- 
deer (Cervus tarandus), the Ox (Bos longifrons), the Red Deer (Cervus 
elaphus), Wolf (Canis lupus) or the Dog (C.?), Fox (C. vulpes), one 
molar of a Horse (Hquus caballus), with a small number of flint-chips. 

As the deposit in this part of the cave had been disturbed, the 
chamber (C) was next examined, in which a considerable amount 
of recently accumulated débris concealed an unbroken floor of sta- 
lagmite. This floor was compact, crystalline, and upwards of 4 
inches in thickness, In a hard breccia which underlaid it I found 
teeth and bones of the Brown Bear (U. arctos) and a single flint- 
flake. Remains of no other animals were found beneath the stalag- 
mite; and, with the exception of two bones (before referred to), 
none showed the slightest trace of gnawing. 
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Fig. 2.—Reduced Ground-plan of the Hoyle’s Mouth Cave, near 
Tenby, Pembrokeshire. 
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A. Mouth of the cave, in which most of the flints were found. 

a. Many flint chips. b. Human remains. 

C. Chamber containing remains of Ursus arctos in abundance, with one or two 
flints. 

c. Remains of “ hearth,” charcoal &e., imbedded in stalagmite. 
d, Sheep and Hog. e. Human bones. 
f. Brown Bear. g. Fiints. 

D. Large chamber with many remains, including Brown Bear, Horse, Reindeer, 
Red Deer, and Roe Deer. Flint-fiakes. It is in this chamber that remains 
of the Hyzna and Elk are said to have been found. 

FR. A small chamber, usually inaccessible. It did not afford any remains. 


The shaded part represents undisturbed stalagmite of considerable thickness. 


The outer part of the cave (A) was next examined, which had been 
previously explored by Mr. Smith; it was from this part of the 
cave, according to his own statement, that he obtained most of the 
flint-flakes in his collection. In this part, which is exposed tothe | 
daylight, and which had already been disturbed in most parts, I 
found remains of the Reindeer (C. tarandus), Hog (S. scrofa), Ox 
(B. longifrons), with bones of recent animals, human bones, and 
flint-flakes. These flints were almost all obtained from the left 
branch of the cave (a), and seemed clearly to indicate that they had 
been struck off by some one standing in the mouth of the cave. 
Among these chips are some of a peculiar green, pellucid, siliceous 
stone, quite unknown in the district; and it is a singular coin-. 
cidence that in the Tenby Museum there lies a flake of the same 
material, obtained by Mr. Laws from the adjacent neolithic cave of 
Longbury. 

In the Hoyle, about ten yards from the entrance, I found the 
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remains of a “hearth” (c), consisting of fragments of charcoal and 
burnt bones, imbedded in the stalagmite, which is here light in 
texture, and from 8 to 10 inches in thickness. A similar hearth 
was discovered in the above-mentioned neolithic cave of Longbury. 

In looking at these remains we cannot fail to notice the marked 
contrast between this fauna on the one hand, and that found in the 
paleeolithic caves of the district on the other. 

The remains of the Hyzna have been alleged to be found in the 
cave; but I have never seen any remains whatever of that creature 
in any collection from the Hoyle; the two gnawed bones, already 
referred to, may not necessarily have been gnawed by the Hyena. 
The remains of the Irish Elk are any thing but reliable. The Cave- 
Bear (U. spelceus) is absent, though the Brown Bear is abundant. The 
bones of this genus from the Hoyle and from the Coygan, when 
placed side by side, are to the most uninitiated decidedly those of 
different species. The Mammoth, Rhinoceros, and Hippopotamus are 
wanting. 

While this striking contrast is observed between the remains 
found in the Hoyle and in the palaolithic caves of the district, an 
equally notable resemblance is observed between these remains ‘and 
those afforded by the neolithic cave at Longbury. The similarity 
will be seen by reference to the list. The presence of a species is 
represented by a x. 


| 


Paleolithic forms. Coygan. hae Hoyle. | 
Elephas primigenius (Mammoth)......... * 
Rhinoceros tichorhinus ....c0...12.s0eveeees + 
Hippopotamus amphibius ..........0000c0e *? 
TONES POUL we te a vo ciel ciaia st sicheinis cakaig aids Hine % 
eros aices 2 (BNR) ro. cin sane snicnrss Soe % 
Cervus megaceros (Irish Elk) ............ ? z 
Bos primigenius OF PVISCUS ......0eeceees % 
Felis spelea (Cave-Lion) .............0006 % 
Ursus speleus (Cave-Bear) ............+.- % 
Neolithic forms, and Paleolithic forms 
which have survived into the Neo- 
lithic period. | 
EUUIMA MIO OTISS: hate erect mulnneies an denen: ee eee % % 
EGMIEIE RN Gis, Soe spagcl seh a whae nes sivitnl tales ce * * % 
prawn Bedi ( OU. GFCLOS) .cicccteacccaveces Pe * * 
Retndeer (C. 2a7andus).o.....-.00ss-000es % Se % 
Red Deer (C. elaphus) .........+ eae wan ae % * * 
Roe Deer (C. capreolus) .......0.s.0ce00e. * % 
GEOG SIUSISCLOLD)) yc aiisis cums,osw es i-8 sepia pa % * 
Horse (gms caballis).........0.0-o»-s-s005 % xR ¥R 
Celtic Shorthorn (B. longifrons)......... a % 2 
NSP AOTINNY QUE carte tn c'aain'n as de ns emaneegenn tna * % 2 
Marine shells used for food ............... eA st % 


The presence of marine shells used for food, and of split and 
broken bones of animals, the existence of the ‘‘ hearth,” and the 
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manner of distribution of the fiints in the mouth of the cave, show 
that the cave was used as a place of habitation. The distribution 
of the human bones, which were few in number, but well preserved, 
leads me (and led Mr. Smith) to infer that the cave had been used 
as a place of sepulture. 

From these considerations, the remains in the Hoyle’s Mouth 
must evidently be assigned, not to the paleolithic, but to the neoli- 
thic period. 


Discussion. 


Prof. Boyp Dawkins had examined the caves in question, and 
quite agreed with the author in his views concerning the Coygan 
cave. He was not so sure that some of the deposits in the Hoyle’s 
Mouth are not paleolithic. He thought the caves ought to be 
called tunnel-caves, and not fissures. The mammoth remains of 
the Bristol Channel do not occur in the submarine forest, but in an 
underlying gravel. He did not consider the submarine forest as of 
Pleistocene, but of Neolithic age. 

Dr. Hicxs said though his friend Mr. Allen and himself were 
the first to explore the Coygan cave, he had not had the oppor- 
tunity of making a complete investigation. He agreed with the 
author as to its being a Hyzna-den, and he had described it as such 
in his paper in 1867. He regretted that the worked flints were not 
exhibited to the Society, but was much pleased to find that they had 
been discovered, and that some fresh additions had been made to the 
list of animal remains found in the caverns, 
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30. On some Nopvtar Fetstres in the Bata Group of Norra Watzs. 
By Prof. T. G. Bonnry, M.A., F.R.S., Sec. G.S., Fellow of St. 
John’s College, Cambridge. (Read April 5, 1882.) 


[PLate X.] 


THE great group of felsites associated contemporaneously with sedi- 
mentary deposits of Bala age has been admirably described by Sir 
A. Ramsay in the Memoirs of the Geological Survey*, and its extent 
is indicated on their maps 7. Some peculiar structures exhibited here 
and there in these ancient lava-flows have, I believe, remained 
hitherto undescribed, except by an incidental notice in that volume 
(pp. 93, 94), and in the Catalogue of Rock-specimens in the Jermyn- 
Street Museum. During the last two years I have devoted some 
time to the study of their microscopic structure, the results of which 
are perhaps of sufficient interest to be laid before the Society. 

The lavas of this northern border of Wales, from the peak of 
Snowdon to the valley of the Conway, are, so far as I know them, 
generally compact, with a more or less conchoidal fracture, exhi- 
biting sometimes a distinctly fluidal structure, and of a pale grey 
colour inclining to greent. Small scattered felspar crystals are not 
uncommon, and even minute grains of quartz; but, as a rule, these 
lavas are by no means distinctly porphyritic. Their general character, 
together with the special structures which I propose to describe, is 
well exhibited in more than one locality in the neighbourhood of 
Bettws-y-Coed. The highroad from the latter place to Pentre 
Voelas, on approaching the deep glen in which the falls of the Conway 
are concealed, runs at a considerable distance above the river on the 
right bank of the valley. Close to a little public house called the 
Conway Falls Inn we find the following section. The rock on 
either side of the house is a compact felsite. This continues for 
some distance as we ascend the road, and then becomes pretty dis- 
tinctly cleaved, showing here and there a rather flattened nodule 
or spheroid about 4 inch in diameter, the interior of which is often 
hollow. ‘To this succeeds a peculiar rock, which at the first glance 
might easily be taken for a true schist, cropping out so as to form 
a little crag or reef on the left hand-side of the road. It consists 
of wavy lamine of a whitish material (apparently minute quartz and 


* The Geology of North Wales (Memoirs, vol. iii.). 

t Theyarea little below the horizon of the Bala limestone. For stratigraphical 
details I refer the reader to the excellent description in the memoir, ch. xiy. 

} Several of the Snowdonian felsites with the associated ash-beds are carefully 


described by the late Mr. Ward in his paper ‘‘ On the Microscopic Structure of 


Ancient and Modern Volcanic Rocks” (Quart. Journ. Geol. Soc. vol. xxxi. p. 401). 
I venture, however, to think that prolonged study would have enabled him to 
speak more confidently as to the distinction between the lava-flows and the 
finer ash-beds. Mr. Rutley also has recently described and figured some peculiar 
varieties from the Snowdon district (Quart. Journ. Geol. Soc. vol. xxxvii. p. 408). 
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felspathic constituents) and of films of a glistening pale green mineral, 
together with ‘ eyes’ of quartz, and seemingly vesicles, about as big 
as a pea (but flattened), sometimes merely lined, sometimes nearly 
filled with a ferruginous mineral, which is often associated with quartz. 
This rock quickly passes into a less fissile and much more coarsely 
spheroidal rock, its nodules being often as large as a pigeon’s or 
bantam’s egg, ovoid in form and compressed-looking, round which 
the cleavage-planes are bent. A band about a couple of yards wide, 
almost free from ‘“‘ nodules,” succeeds ; and then comes another band 
like the former, the upper part of which is crowded with nodules 
(some attaining 5 inches in longest diameter). These weather out 
from the matrix so as to give the rock the aspect of a coarse 
conglomerate. For a short distance beyond this, the rock (so far 
as I followed it up the hill-side) is not exposed. Then succeed 
some rather compact dark-coloured rocks (cleaved) of ashy aspect 
and evidently sedimentary origin. 

Before proceeding to describe the microscopic structure of the 
above rocks it may be well to notice briefly two or three other sec- 
lions. By the wicket-gate leading down to the Conway Falls from 
the road to Pandy Mill a face of rock is exposed in which we find :— 
(1) rather cleaved felsite with many concretions, diameter about 
1 inch ; (2) felsite less cleaved, fewer and smaller concretions; (3) 
felsite irregularly jointed, somewhat cleaved ; (+) felsite (?) much 
cleaved; (5) dark ashy rock, much cleaved. The bedding, if one can 
infer it from (4) and (5), appears to be nearly vertical. The next 
section occurs in the Lledr valley, on the left bank, about half a mile 
above the new viaduct. Here a mass of felsite occurs (not less and 
perhaps more than forty feet thick) between ‘ slabby ’ ashy slates of 
darker colours; nodules abound in the upper part of this rock, which 
forms a bold cliff with a talus of fallen blocks below. Part of the rock 
appears to be crowded with ovoid or almost shuttle-shaped nodules, 
defined in part by the bending of the cleavage-surfaces round them. 
Sometimes these are hollow, sometimes wholly filled by one or more 
of the following minerals—quartz, a brown iron oxide, and a com- 
pact dull-green flinty substance. I found, about four years since, 
on the slopes at the head of Llyn Idwal*, a fallen block of a similar 
rock which had evidently come from the crags of the Glydyr. 

I proceed now to describe the above rocks more minutely, and take 
first a specimen of the normal felsite from a little pit close to the 
Conway Falls Inn. This is a compact, bluish-grey rock, weathering 
to a paler tint, with only a few small felspar crystals and specks of a 
dull green colour scattered throughout the ground-mass. Under the 
microscope the rock (Pl. X. fig. 1) exhibits traces of a fluidal structure. 
The bands, wavy or corrugated, are mainly indicated by microliths of 
a pale gold-green mineral, apparently of rather irregular outline. A 
mineral, presumably the same, occurs sparsely in small aggregated 
patches (the dull green specks visible to the naked eye) and resembles 
one of the chlorite group rather then a hornblende. ‘The slide 


* The Museum of Economie Geology, Jermyn Street, contains a specimen 
from the Glydyr Fawr, as well as specimens from Digoed, near Bettws-y-Coed. 
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contains one or two crystals of felspar, one showing plagioclastic 
twinning. ‘The above microliths are present in these also, together 
with a speck or two of epidote and a little ferrite. The ground-mass 
exhibits the usual devitrified structure, which also gives some indica- 
tion of a fluidal arrangement *. 

Another specimen taken from about four yards lower down than 
the outcrop of the first nodular part differs only in its fluidal structure 
being more uniformly banded (fig. 6), and in giving, even macroscopi- 
cally, indications of cleavage, the cracks, under the microscope, being 
seen to be coated with the green mineral already described. The 
schist-like rock is not easily cut for the microscope; but Mr. Cuttell has 
succeeded in preparing for me a fairly thin transverse section (fig. 3). 
It is more decomposed than the other specimen ; but the character of 
the ground-mass is similar, indications of fluidal structure can still 
be seen, and the cleavage is marked by irregular wavy cracks, very 
roughly parallel with it. These are coated by a green mineral, 
resembling that already described, but more filmy. Itis very difficult 
to isolate one of the folia of this sufficiently to determine its optical 
characters. So far as I can ascertain, itis not monoclinic or triclinic ; 
it is doubtless a hydrous mineral, probably related to the mica group, 
or it is not unlike that which passes under the name of sericite. 
A mineral of this general character is frequent in schistose rocks. 
The slide includes two or three of the knots or ‘ eyes,’ which give, as 
already mentioned, a marked character to the rock. These are clearly 
vesicles, now filled more or less completely with crystalline quartz 
aud a dusty brown mineral (limonite, with perhaps a trace of manga- 
nese). As the cleavage-cracks bend round these, we may, [ think, 
affirm without hesitation that we have here a vesicular rhyolitic lava 
which, after the cavities had been more or less filled with infiltrated 
chalcedonic quartz and ferrite, assumed under pressure a rude cleavage- 
structure, the cracks of which by further infiltration were coated 
with the micaceous mineral. The above-described schistose aspect 
of the rock, macroscopic as well as microscopic, shows that it would 
not be prudent to reject absolutely, without any qualification, the 
view which regards foliation } as a process subsequent to and influenced 
by cleavage; it suggests also that in some cases lavas and tuffs may 
have been the rocks from which certain schists have been produced. 

In describing the more distinctly spheroidal masses which succeed 

* The felsite from the Conway Falls, which in places exhibits a tolerably well- 
marked columnar structure, is a slightly greener rock, but does not materially 
differ from the above, except that the chloritic mineral is a little more abundant, 
and the rock apparently a little more decomposed. The general character of 
these rocks is so well rendered in fig. 2, plate xxi. vol. xxxvii. of the Quarterly 
Journal, illustrating Mr. F. Rutley’s excellent paper on some rocks of about the 
same age nearer Snowdon, that I have thought it needless to give illustrations. 
The petrologist will readily understand the merely varietal differences from this 
as a type. 

i; So also Dr. Sorby’s Presidential address, Q. J. G.S. vol. xxxvi. Some cases, 
however, of “ cleavage foliation” I ain myself disposed to regard as the result of 
pressure during the process of mineral change, ¢. e. as rather subsequent to it 


than anterior, inasmuch as the structure is produced when the crystals which occur 
in the foliated rock are being formed, and soin the last stage of the development. 
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(excepting that with the very large pebble-like concretions) it will 
Save time to include the specimens from the Lledr valley which are 
similar in character. Of these two rocks I have had a series of 
slides prepared. The rock has now lost the schisty structure, or at 
any rate retains no more than gives it at the first glance an ashy 
aspect *. In these the ground-mass exhibits more or less clearly a 
fiuidal structure and is devitrified. In it there have been vesicles: 
these (as described above) are more or less filled with chalcedonic 
quartz ; this on the inner side of the layer frequently terminates in 
well-marked pyramids ; the brown and the green minerals appear to 
have been deposited subsequently, the former being mainly an impure 
chalybite with some limonite +, the latter a felted mass of a chloritic 
mineral, which towards the margin exhibits beautiful vermicular 
concretions. Owing to the smallness of the individual scales the 
results of optical tests are not quite satisfactory to me; but I think 
it probably rhombohedral, and it agrees generally with the mineral 
which Prof. Heddle and Prof. A. Geikie ¢ recognize as delessite§. I 
have already noticed the peculiar ovoid or shuttle-like form assumed by 
these masses ; this is due in part to the bending of the rude cleavage- 
surfaces round these harder amygdaloids (as round included frag- 
ments); but I doubt whether this is the only reason of the structure. 
One slide, cut transversely to the longer axis of a nodule, shows it to 
be bounded by a well-defined ring indicated by a dark line. Under 
the microscope we see that the form of the inner surface of the cavity 
is less regular. It is almost wholly filled with chalcedonic quartz. 
The dark line cuts through the matrix, the outer edge is sharp; it 
is defined by minute scales of the green mineral and of ferrite, as if 
infiltration had taken place along a crack inwards; and a vein of 
chalcedonic quartz cuts through it and communicates with that in 
the interior of the vesicle in a way which suggests that the crack 
defining the ring was anterior to the filling of the vesicle and to the 
cleavage of the rock || (see fig. 5). 


* This peculiarity is noticed by the Officers of the Survey (Geology of 
North Wales, p. 93), who speak of it as “a very singular rock, having a fel- 
spathic base, sometimes hard and compact, and sometimes flaky; in the one 
case like a trap, in the other like an ash.” ‘To indicate the accuracy of this 
description, I may mention that until I saw it through the microscope, I thought 
the latter variety more probably a peculiar form of an ashy rock. . 

Tt Through the kindness of Prof. Williamson a qualitative analysis of this 
mineral has been made for me at the University College Laboratory by Mr. F. 
H. Hatch. He reports:—‘“ Soluble in HCL; insoluble in H,O. Metals present : 
(1) Iron in proportion of ferrous to ferric =3 : 1, (2) Manganese, (3) Calcium, (4) 
Magnesium, Acid: Carbonicacid only.” It is therefore, as I anticipated from 
the microscopic examination, an impure chalybite. 

{ Heddle, “ Chloritic Minerals,” Trans. Roy. Soc. Ed. vol. xxix p. 55. 

§ Little fragments of the material containing it (always, no doubt, associated 
with silica) are almost exactly like fragments of greenish flint. They are, 
however, easily scratched, having a hardness of about 3, and are slightly unctuous 
to the touch. 

|| One of the varieties of felsite from the Lledr valley is rather slaggy- 
looking, and has small irregular cavities nearly or quite filled with a brown 
ferrugimous mineral, showing a slight approach to the schisty rock of the Con- 
way valley. 
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I pass next to the mass above the Conway Falls Inn, which contains 
the large pebbly “ concretions.” The ‘‘ matrix” gives, as before, in- 
dications of cleavage; and the flattened aspect of the nodules is pro- 
bably due to pressure. ‘The chief difference between this rock and the 
former (apart from the greater size of the nodules) is that the sphe- 
roidal boundary is more definite, giving the rock the appearance of 
a conglomerate, and the “ pebbles” are frequently solid to the core. 

From one of these, nearly three inches in diameter, I have had a 
slice cut ; I expected to find some traces of a radial structure, deeming 
it a kind of spherulite; of this there is not the slightest indication. 
The slide (fig. 4) exhibits a wavy fluidal structure, and does not 
materially differ from that of the felsite obtained near the inn, show- 
ing, like it, one or two crystals of felspar and aggregations of the 
green mineral. The fractured face of the nodule gives indications 
of cracks concentric with the exterior. ; 

I turn now to a rather similar rock, obtained several years since 
from the neighbourhood of Beddgelert. This also has a most singu- 
lar resemblance to a conglomerate with a compact matrix. The 
latter is rather darker in colour than the rock we have been descri- 
bing; the “‘ pebbles” show asimilar compact homogeneous aspect. One 
of these under the microscope exhibits the usual structure of a devi- 
trified rhyolitic lava, except that it is rather more stained with ferrite, 
opacite &c., with some scattered grains of iron-oxide. The matrix 
has its devitrification-structure more minute; and its fluidal struc- 
ture is mainly indicated by viridite*. Several parts of the slide 
_ present distinct though rude indications of a perlitic structure ry. 

In the lower part of the yellowish felsite, which forms the mass 
of Conway Mountain¢#, and a short distance to the west of that town, 
is a thick band of spheroids which seems to run rather evenly for 
a considerable distance. Another band, not less than twenty feet 
thick (the rock here, | was informed, had been quarried for china- 
clay ), occurs near the crest of the mountain. The spheroids are some- 
times a couple of inches in diameter; they are often hollow at the 
core ; and the more compact rock below exhibits occasionai small 
cavities with irregular flinty-looking patches, sometimes dark, some- 
times pinkish in colour: like the above-described green patches, they 
are rather unctuous and easily scratched with a knife. 

This great mass of felsite is overlain by a grit evidently composed 
of materials derived from it, and sometimes by no means easy to 
distinguish with the unaided eye. 

A similar felsite (part of the same mass displaced by a fault) forms 
the Diganwy Hills. The upper surface of the flow was well exposed 


* ‘The term is used advisedly ; most of the mineral is not doubly refracting, 
and so differs from that described above. From its relation to cracks &e. it is 
clearly, in its present form, a mineral of secondary origin. 

+ See fig. 4, pl. xxi. vol. xxvii. (illustrations to Mr. F. Rutley’s paper). I 
have no doubt this is the second rock mentioned in Mr. G. G. Butler's note, 

. 403. 
t See Memoir, p. 107, considered, like those last described, to form a part of 
the great group of laya-flows so finely exhibited in Snowdon. i 


Q.J.G.8. No. 151. o 
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in 1878, opposite to the gate of the Diganwy Hotel. A little below 
this the felsite is also very spheroidal, the ovoid balls being often 
almost in contact, from 1 to 1:5 inch in diameter, and sometimes even 
double the latter size. Where not decomposed, they have within a 
cherty aspect. The structure occurs most conspicuously in a band 
several feet thick. Here also the surface of the mass is overlain by a 
grit derived from the felsite, in which pebbles of that rock occur ; and 
then comes, apparently in immediate succession, a black slaty rock. 
Specimens of the spheroidal rock from the upper part of Conway 
Mountain, and of a spheroid from Diganwy, have been examined 
microscopically. Both are considerably decomposed. ‘The outer 
part of the spheroid (like a kind of envelope, more regular on the 
outer than on the inner side) exhibits a very well-marked fluidal 
structure, which shows a general parallelism to the bounding surfaces, 
bending up into wave-like crests inthe interior. This, in the former 
specimen, is hollow, with more or less of a lining of minutely crys- 
tallized quartz. The matrix of the rock, among the spheroids, shows 
also a fluidal structure ; but this is more irregular and more decom- 
posed than in the Diganwy specimen. The “husk” of this ex- 
hibits a very fine fluidal structure, rather more corrugated than in 
the other case; the interior is occupied by a pale brown, more 
homogeneous material, with occasional lacune. This, with crossed 
Nicols, exhibits many minute bright specks, with others that are 
colourless. It would seem as if a little of a glassy base still remained. 
As in places the boundary between this and the “ husk” is very sharp, 
I have doubted whether it may not be formed by subsequent in- 
filtration ; but since in other places the one seems to pass into the 
other, and the structure more resembles that of a glassy rock with 
minute devitrification-structure, [ incline to the opinion that it is 
merely a more compact and homogeneous form of the parent rock. 
These rocks, then, present us with structures resembling in some 
respects those already described from the felsites of the Bettws-y- 
Coed district *. 

A specimen of the ordinary cream-coloured felsite of the Conway 
Mountain has also been examined. The rock is often very platy, so that 
it might almost be mistaken for a bedded mudstone ; occasionally (as 
notably in a quarry near a foot-bridge which crosses the railway a 
little west of Conway) it is a pale greenish-grey colour, showing that 
the yellowish tint is the result of decomposition. Under the micro- 
scope itexhibits innumerable minute semitransparent dusty granules, 
and, with crossing Nicols, a patchy, very minute devitrified structure, 
giving indications of banding, the patches apparently composed of 
ill-defined microliths so arranged that each patch is approximately 
of one tint7?. 


* T have not entered into other details of themore minute mineral structures, 
the results of devitrificaticn, infiltration, &c., deeming them of no very special 
interest. 

+ I have also examined the dark felsite further west, on the other side of the 
fault crossing the western end of Conway Mountain. It differs from those 
described above in haying its base (I incline to the opinion that there is still a 


cele Are 


FELSITES IN THE BALA GROUP OF NORTH WALES. 295 


- A well-preserved flinty pale-grey felsite with nodular inclusions 
of quartz, in places dark green, with admixture of a chloritic 
mineral, may be seen in loose blocks by the road-side between Pen- 
maenmawr and Conway. Under the microscope it shows a wavy 
fluidal structure, like many of the above, with a few small felspar 
crystals, most being orthoclase. The inclusions are vesicular cavities 
filled with quartz, and vermicular chlorite, like that described above, 
with a few tufted groups on the edge of the cavities of what appears 
to be a colourless mica, which also is occasionally seen in the above- 
described specimens. Ido not know the locality where this parti- 
cular variety of felsite occurs zn situ; but doubtless it is one of those 
belonging to the Bala group. 

From the above descriptions we are, I think, justified in the fol- 
lowing conclusions :— 

(1) That these Bala felsites are a group of ancient rhyolitic lavas, 
exhibiting vesicular, slaggy, fluidal, and other characteristic struc- 
tures, and in no way (except as regards the effects of their great age) 
different from those of modern date. 

(2) That the nodular or spheroidal structure has been produced 
in two ways :— 

_(a) By simple contraction and roughly concentric cracking of the 
mass in cooling, being thus intermediate between the perlitic structure 
common in glassy acid lavas, and the spheroidal structure common 
in basalt, which, so far as I know, is rather rarer in the former. 

(6) By similar contraction in cooling, which is determined by 
the presence of a cavity, and produced as follows :— When the cavity 
is first formed, we may regard the whole viscid mass in the neigh- 
bourhood as in a state of equilibrium between the various forces 
acting on the cooling lava (contraction &c.) and the pressure of the 
gaseous contents of the cavity. As cooling proceeds (uniformly 
suppose) the volume of the latter diminishes rapidly, and its pres- 
sure against the walls of the cavity decreases. ‘The various forces 
are no longer in equilibrium, and the contractile strain will be re- 
lieved by the formation of a crack, roughly concentric with the cavity, 
which, as we might expect, is more regular than it in form™. 


glassy residuum) crowded with microliths, many of elongated form, which, from 
their very small extinction-angles with the longer edge, I should infer te be 
oligoclase ; but there is some orthoclase. Some longer felspar crystals are more 
or less replaced by a filmy transparent mineral, giving brilliant colours with 
polarized light, neither monoclinic nor triclinic. There is a grain or two of 
ilmenite (fig. 2). This rock passes into the compact greenish-grey felsite of Pen- 
maenbach, which exhibits a somewhat similar but less definite structure, and is 
more decomposed. It is marked on the Survey map as intrusive. I had not 
time to work out its stratigraphical relations; but petrologically it has rather the 
characters of a flow. 

* T do not remember to have noticed an instance of the presence of cavities in 
the spheroids of a basic rock; but Prof. A. H. Green has mentioned to me an 
instance observed by him on the coast of Newfoundland, where cavities partly 
filled with calcite, quartz, and epidote, occur in the middle of large rude sphe- 
roids in a dark trap, probably a diabase. 

xz 
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(3) That the cavities are then filled, wholly or partially, by in- 
filtrated minerals in the usual way. 

(4) That the nodules thus rendered more solid (and in other cases 
from the effect of their form, aided perhaps by extremely minute 
differences in texture due to the disturbance of equilibrium in 
cooling) produce the usual distortion of the cleavage-planes when the 
whole mass is compressed. 


(5) That, in some cases, further infiltration takes place along the 


the cleavage-planes, giving rise to the schisty aspect. 

At what period the devitrified structure was produced itis difficult 
to say. I should not wish to preclude myself from supposing that in 
some cases it may have been set up during the cooling of the 
lava. It may be well in conclusion to call attention to the occurrence 
of two great outbursts of rhyolitic lava in approximately the same 
area of North Wales, separated by so vast an interval of time as 
that which divides the Bala from the later Pre-Cambrian period. 


EXPLANATION OF PLATE X. 


Fig. 1. Felsite from close to the Conway Falls Inn, illustrating the normal 
condition of the rock (p. 290), x 20. 


2. The dark-coloured felsite from the western end of Conway Mountain 
(p. 295, note), x20. 


3. The schistose felsite from the road-side above the Conway Falls Inn 
(p. 291), 20. 
4, Slide cut from the interior of one of the large pebble-like nodules, 


nearly 5 inches in diameter, in the felsite rather beyond the schistose 


rock of last figure (p. 293), «50. 
5. Part of a nodule, showing portion of a cavity, a boundary crack defined 


by a dull green mineral and the subsequent chalcedonic infiltration, 


a few yards below the schistose felsite above Conway Falls Inn 
(p. 292), x20. 
6. Felsite, about four yards lower down the road than the outcrop of the 


first nodular felsite (fig. 5), from the road-side above the Conway 
Falls Inn (p. 291), x20. 


Discussion. 


Prof. Braxe asked why, if the cracks were formed in the felsites 
in the way described, similar cracks are not found in other amyg- 
daloidal rocks. 

Rey. E. Hitt asked if there were any criteria by which these 
altered felsites could be distinguished from true schists and gneisses. 

The Auruor stated in reply to Mr. Blake that the conditions of 
rock-formation were so various that it was impossible to explain 


— 


Quart. Journ .Geol. Soc .Vol XXXVIIL.P1.X. 
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why all apparently similar rocks did not present the same characters. 
In accounting for the presence of a structure, he could not undertake 
to explain its absence. In reply to Mr. Hill he said that the 
mimicry of foliation could only deceive the unassisted eye, and 
disappeared when the microscope was applied to the study of the 
rocks, 
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31. On the Reuations of Hyzocriyvs, Barrocrrinus, and Hyso- 
cystires. By P. Herserr Carpenter, Esq., M.A., Assistant 
Master at Eton College. Communicated by Prof. P. Marrrn 
Dounoan, M.B. Lond., F.B.S., V.P.G.8. (Read May 10, 1882.) 


[Puate XI.] 


Tue Crinoids from the Lower Silurian of Canada for which the 
genus Hybocrinus was established by Billings* in 1856 are remark- 
able for the protuberance of the anal side of the cup, so that it has 
somewhat of a humpbacked appearance, as is expressed in Billings’s 
generic name. Resting on the stem are five pentagonal basals, 
above and alternating with which is a row of five plates (fig. I. a, 
and Pl. XI. figs. 3,4, 5). Four of these are arm-bearing radials. 
The fifth is a hexagonal “anal,” or (as I prefer to call it) azygos 
plate, on the right upper edge of which rests a small arm-bearing 
radial, while its left upper edge bears a smaller and true anal plate. 

These characters are well shown in fig. I. a, which is a copy of 
Billings’s original diagram of the genus; and also in Pl. XI. figs. 
3, 4, and 5, which represent the left, right, and anal sides of a 
specimen from the upper part of the Trenton beds of Mercer 
County, Kentucky, U.S. A. 

A form somewhat similar to Hybocrinus, though lacking the second 
or true anal plate, had been described some years previously by Yon 
Leuchtenbergt under the name of Apiocrinus dipentas (fig. I. zB ; 


Fig. I.—Calyw-diagrams of Hybocrinus and Baerocrinus. 


b. Basal. 7. Radial. a, Anal plate. 
A. Hybocrinus tumidus, After Billings. 
B. H. dipentas, type. After Grewingk. 

OC, D. . dipentas, other varieties. After Schmidt. 
EK. Baerocrinus Ungerni. After Grewingk. 


* Report, Geological Survey of Canada, 1856, p. 274. : 
+ Beschreibung einiger neuen Thierreste der Urwelt von Zarskoje Sselo 
(St. Petersburg, 1843, 4to.) p. 17, tab, ii. figs, 9 & 10, 
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Pl, XI. fig. 2). It had been found at Pulkowa, in the neighbour- 
hood of St, Petersburg, in the Orthoceratite-limestone or “ Vagi- 
naten-Kalk” of the Lower-Silurian period ; but its discovery seems 
to have been unknown to Billings. Had he been acquainted with 
it, he would assuredly have recognized its resemblance to his Cana- 
dian species, and its difference from the Mesozoic Apiocrinus. This 
last point was noticed by Schmidt*, who had met with a specimen 
from the same horizon at Reval in Kstland ; but he did not attempt 
to define its systematic position. 

The first efforts in this direction were those of Eichwald +, who 
referred Leuchtenberg’s specimen, together with a somewhat dif- 
ferent one from a slightly higher horizon, the “ Brandschiefer” of 
Erras (fig. [. n; Pl. XI. fig. 1), to the genus Homocrinus, Hall. 
The calyx of this genus, however, had been described as composed 
of three series of five plates each ; and the difference between this 
character and that of the dicyclic Apiocrinus dipentas led Volborth+ 
to dispute the correctness of Hichwald’s determination. 

At the same time he established a new genus, Baerocrinus, for 
the Erras specimen, on account of its greater size, and of the dif- 
ferences between its calyx and arms and those of Leuchtenberg’s 
type—though he was unable to work these out in much detail, 
owing to the specimen being partially obscured by matrix. On one 
point, however, he laid considerable stress. The suture between 
two of the radials and the subjacent basal is concealed by a slight 
triangular swelling, occupied by what appears to be about twenty 
minute plates. Volborth suggested that this might possibly be a 
madreporite or a genital organ, and hinted at a comparison of it 
with the ventral side of Plewrocystites. In fact, it seems to have 
been the presence of this “ Volborth’s Organ,” as it has since been 
called, that was his chief reason for placing the Erras specimen 
in another genus than Hybocrinus, Billings, to which he very rightly 
referred Leuchtenberg’s original specimen from Pulkowa and other 
similar ones. 

A vigorous controversy now ensued between Volborth and Eich- 
wald§. The latter insisted strongly upon the identity of the Erras 
and Pulkowa specimens, and defended as strongly his reference of both 
of them to Homocrinus. Volborth || replied by emphasizing the charac- 
ters of Baerocrinus ; and he (Volborth) pointed out that Leuchtenberg 
had only described a dicyclic calyx in Apiocrinus dipentas, which he 
regarded as a Hybocrinus. Hichwald 4] answered with a diagram 
and analysis of the Homocrinus-calyx ; and stated that the Pulkowa 
and Erras specimens agree with it most perfectly in the number of 
plates, “‘only with the difference that the two lower series** some- 


* Untersuchungen iiber die silurische Formation von Ehstland, Nord-Livland 

und Oesel (Dorpat, 1858), p. 219. 
| Lethza Rossica, Band i. 1, pp. 582, 584. 

“ Ueber Baerocrinus, eine neue Cr inoideen-Gattung aus Ehstland,” Bulletin 
St. Petersb. Acad. tom. viii. 1865, p. 178. 

§ Bulletin de la Soc. Imp. des Nat. de Moscou, 1865, ii. p. 150. 

|| Zo¢d. p. 442. 4] Moscow Bulletin, 1866, part i, fe 146-161, tab. viii. 
Le. under-basals and basals. 
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times fuse with one another, and do not everywhere show the 
sutures quite so clearly as is represented in Hall’s ideal diagram.” 
In this point, however, lies the chief difference between the two 
types. The sutures are not visible in the Erras specimen (Baero- 
crinus), because they are not there (fig. I.e; Pl. XI. fig. 1); and 
Eichwald was driven to assume a fusion between the basals and 
supposed under-basals in order to support his theory of its being a 
Homocrinus. But im Apiocrinus dipentas he believed himself able 
to discern not only a suture between basals and under-basals, but 
also sutures between the under-basals themselves, which in his 
view are in the same line with the basals, and not alternating with 
them; and he made the curious mistake of saying that this is quite 
the same arrangement as in Lacrinus lilviformis from the Muschel- 
kalk, although, as is well known, exactly the reverse is the case. 
The so-called Voiborth’s organ was regarded by Eichwald as due 
to fracture—a view which, with more or less modification, has been 
adopted by later writers; but his attempt to discover in the Russian 
specimens the interradial plates of Homocrinus has hardly met with 
such general acceptance. Neither was his refutation of Volborth’s 
identification of Apiocrinus dipentas as a Hybocrinus at all well 
grounded ; for it depended on the following reasoning.—'T'wo radials 
are visible on one side of the Erras fossil (Baerocrinus). The oppo- 
site * side of the Pulkowa specimens shows three radials in a 
continuous series. Hence there was an unbroken series of five 
radials in Aprocrinus dipentas, which therefore could not be a 


Hybocrinus. The weak point in this argument is the assumption of 


the specific identity of the Erras and Pulkowa specimens, which, 
hike Volborth and Grewingk ty, I am strongly inclined to doubt; 
although Schmidt t, the latest writer on the subject, adopts Hich- 
wald’s view as regards this point. He refers both fossils to Hybo- 


erinus dipentas, however, and gives diagrams of other examples of 


the species (fig. I. c, p), which have any thing but the continuous 
series of five radials that was assumed to exist by Hichwald after 
his examination of “ opposite” sides of two very dissimilar speci- 
mens. 

Kichwald’s defence of [Honocrinus was severely criticised by Vol- 
borth$, who stated that he had examined over twenty calyces of 
Hybocrinus dipentas without finding any traces of the under-basals 
described by Eichwald in a young but worn specimen; while he 
also pointed out Eichwald’s mistake in localizing the under-basals 
of Encrinas as parallel to the basals, and that, if Kichwald’s descrip- 
tion of it were correct, Apiocrinus dipentas would represent a new 
type of Crinoids altogether and not belong to Homocrinus at all, 


* How determined as opposite ? 
: “Ueber Hoplocrinus dipentas und Baerocrinus Ungerni,” Archiy fir die 
Naturkunde Liv- Ehst- und Kurlands, series 1, Bd. iv. p. 110. 
t “ Ueber einige neue und wenig bekannte Baltisch-silurische Petrefacten,” 
Mem. St. Petersb. Acad. tom. xxi. no. 11, p. 5 
§ “Die angebliche Homocrinen der Lethzea Rossica, ” Moscow Bulletin, 1866, 
part iv. pp. 541-550, 


— 


HYBOCRINUS, BAEROCRINUS, AND HYBOCYSTITES. 301 


In the following year (1867) this question was rendered still 
more complicated by Grewingk*, who was fortunate enough to 
succeed in removing much of the matrix that obscured the solitary 
specimen of Bacrocrinus from Erras. According to his observations 
Baerocrinus is a very peculiar type, and totally different from 
Hybocrinus; for on the basals rest five radials in a continuous 
series, only three of them, however, bearing arms, for which pur- 
pose they are provided with distinct articular facets, while the 
other two radials have straight or slightly infolded upper margins 
but no trace of facets. This is very well shown in his side view 
(Pl. XI. fig. 1) and diagram of the edge of the cup (fig. il. B), to 


Fig. I1.— Diagrams of Hybocrinus and Baerocrinus. 


A. Calyx of a typical Hybocrinus dipentas, as seen in outline from above, 
B. A similar view of Baerocrinus Ungerni. The two edges of every arm-bearing 
radial are joined by dotted lines. After Grewingk. 


which, however, he hardly refers, not seeming to attach much 
importance to this point. Volborth’s organ was regarded by him as 
2 monstrosity, and as in no way comparable to the ventral side of 
Pleurocystites. He gave an excellent description and figure of 
H, dipentas, the latter (Pl. XI. fig. 2) being taken from a specimen 
that had been found some time previously at Reval. Like Vol- 
borth, he disputed Eichwald’s reference of this type to Homocrinus, 
though he did not follow him in calling it Hybocrznus. For he 
pointed out that while there are two anal plates in the American 
species, the Russian forms have but one; and he proposed to 
establish a genus Hoplociinus for the reception of these last, basing 
the name on the hoofshaped articular facets on the radials and arm- 
jointst. There are five of these facets; and the outline of the calyx 


‘is pentagonal (fig. IT. 4), and not triangular as it is in Baerocrinus 


(fig. II. 8). Arm-facets of this shape, however, are common enough 
in other Palzocrinoids, including the Canadian Hybocrinus tumidus, 
and in the various species referred by Hall to Homocrinus; and 
though the absence of the second anal plate may be a good character, 
distinguishing the Russian from the Canadian species, it hardly seems 
to me of sufficient importance to constitute a generic differentia. 
Grewingk’s paper naturally elicited a forcible criticism from 
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Eichwald*, who expressed himself, however, somewhat less strongly 
than before respecting the identity of the fossils from Krras (Baero- 
crinus) and Pulkowa (Hybocrinus dipentas). For he merely says 
“Cif they are identical, as I believe them to be,” and not “ they are 
absolutely identical.” It would seem, therefore, that the further 
knowledge of Baerocrinus which had been obtained by Grewingk, 
had raised some doubts in the mind of Eichwald as to the tenability 
of his former position. He also accepted Grewingk’s diagram of the 
composition of the calyx of Hybocrinus dipentas(fig. I. 8), but renamed 
it rather oddly. For the four large arm-bearing plates were called by 
him “ parabasals,” the only “ radial” admitted by him being the small 
arm-bearing plate borne on the right upper side of the fifth or 
azygos “ parabasal.” The four other radials were supposed by him 
to have fused with the subjacent parabasals, although no traces of 
sutures remain to indicate their existence. Some such idea as this 
was necessary in order to be able to regard the calyx of Apiocrinus 
(Hybocrinus) dipentas as tricyclic, so as to permit of its comparison 
to that of Homocrinus; for Eichwald seems to have given up the 
views which he had previously held respecting its under-basals. 
With this granted he could of course assert that the composition of 
the calyx in Apiocrinus dipentas was the same as that of Homocrinus 
alternatus, except as regards the presence of the fifth radial and the 
azygos plate. 

But remembering the differences between the various species of 
Homocrinus t, he did not consider the characters of A. dipentas 
sufficiently marked to be of generic value. ichwald’s expectation 
that specimens of A. dipentas would be found with the arm-bearing 
plates distinct from the so-called parabasals, is hardly likely to be 
realized. 

He also objected to Grewingk’s conception of: Baerocrinus as 
3-armed, after his own description of it as 5-armed, on account of 
this being “entirely contradictory to our fundamental conception of 
a Crinoid.” And he further stated that “ this would be a structure 
unique in its character, which is the less likely to have existed, 
because the Erras fossil is so similar to that from Pulkowa that I 
have referred them both to one and the same type, Homocrinus, and 
I must now assume that both the radials intervening between the 
three arm-bearing ones have been lost, together with their arms”(!!!). 
One does not wonder, after reading the above passages, that Vol- 
borth should have blamed Kichwald for straining his facts to suit 
his theories. It is surely no argument against the 3-armed nature 
of Baerocrinus for Kichwald to say that he believed it to be so like 
a 5-armed type that he described the two as identical. Neither can 


* « Die Lethea Rossica und ihre Gegner,” Moscow Bulletin, 1867, vol. i. 
p. 191-199. 
Pr According to Wachsmuth and Springer (‘ Revision,’ p. 77), Hall’s generic 
description of Homocrinus ‘‘is so indefinite, that it includes almost every genus 
of the Cyathocrinide ;’ and ZH. alternatus, on the characters of which Eichwald 
laid so much stress from its supposed resemblance to Apiocrinus dipentas, is 
really a Dendrocrinus. 
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it be established by Hichwald’s dictum that if Baerocrinus were 
only 3-armed it would only have three parabasals, while as a matter 
of fact five are present. But five can only be counted on the 
supposition that the three arm-bearing plates are primitively 
double, for which Eichwald had no warrant whatever, except that 
it was necessary to support his theory; and although the number 
five “ does so predominate in the structure of all Crinoids that it is 
to be regarded as a fundamental law determining their general 
form,” yet there are many well-known exceptions to the rule. 

Schmidt* appears to accept as correct Grewingk’s description of 
Baerocrinus as only 3-armed; but he regards it only as an ab- 
normal and imperfect specimen of Hybocrinus dipentas. He has 
examined a specimen from the “‘ Jewesche Schicht” of Altenhof, which 
has five arms with all the characters of those of Baerocrinus, while 
its calyx is that of Hybocrinus dipentas, and is without any trace 
of a Volborth’s organ. He has also met with three examples of the 
latter species in which there are only four arms (fig. I. p), the right 
anterior one remaining undeveloped ; and he seems to regard these 
as affording a connecting link with Baerocrinus, which genus he, 
like Eichwald, absorbs into Hybocrinus dipentas. 

It is perhaps rash for one who has not seen any of the speci- 
mens to attempt to form an opinion on this much disputed question. 
But, after a careful consideration of all the evidence, I venture to 
offer the following conclusions for what they may be worth. 

There can, I think, be little doubt that Volborth and Schmidt 
were right in referring Apiocrinus cdipentas to Hybocrinus; but 
this necessitates a modification of Billings’s definition of the latter 
-genus, The American examples have two “anal” plates, while in 
H. dipentas there is only one, which, however, is probably equiva- 
lent to the two present in Billings’s species. This point seems to 
have escaped the notice both of Zittelf and of Wachsmuth and 
Springert, who quote Apiocrinus, Leuchtenberg, and Hoplocrinus, 
Grewingk, as synonymous with Hybocrinus, without, however, 
making any alteration in Billings’s diagnosis of Hybocrinus in this 
respect. 

In the American species of Hybocrinus the small right posterior 
radial is rather above the level of the other four (fig. I. a; Pl. XI. 
figs. 4,5); but in the type of H. dipentas it is more nearly in a 
line with them, though resting principally upon the large azygos 
plate (fig. I.n; Pl. XI. fig. 2). In one specimen from Pawlowsk, 
however, the small radial rests equally on the azygos plate and on 
the right anterior radial, and is consequently somewhat raised 
above the general line of the radials (fig. I. c). As already pointed 
out by Schmidt, this affords a transition to the 4-armed individual 
already mentioned, which differs from it only in the absence of a 
right anterior arm (fig. I. p). The plate which would naturally 
bear this arm has no facet upon it, so that the small right posterior 

* Loe. cit. pp. 5-8. 
t Handbuch der Palaontologie, vol. i. p. 350, 
+ Reyision, vol. i. p. 74. 
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radial is supported upon two armless plates, the left one of which is 
the true azygos plate. This may be, and probably is, one of the 
variations of growth to which this early and simple type is subject. 
A somewhat similar case occurs in Allagecrinus*, some small indi- 
viduals having but three distinct arm-facets, with an imperfect 
fourth one, but none at all on the fifth radial. In each case, how- 
ever, the varieties are generically identical. On the other hand, 
Baerocrinus, if rightly described by Grewingk (fig. I. un; Pl. XI. 
fig. 1), represents to my mind an altogether different generic type, 
although it is regarded by Zittel and Wachsmuth, as well as by 
Schmidt, as synonymous with Hybocrinus. For the calyx consists 
of but ten plates, which are arranged in two alternating rows 
without any indication of anal plates. This does not agree at all 
with Billings’s analysis of the Hybocrinus-calyx. 

Further, the outline of the Baerocrinus-calyx is triangular (fig. 
II. 8), and not pentagonal, as is that of H. dipentas (fig. II. 4), 
while only three of the upper series of plates bear arms, and there 
is no anal plate like that of Hybocrinus. In face of the great 
difference between the characters of the two calyces, which, how- 
ever, is described by Schmidt as a ‘“‘general correspondence,” I prefer 
to regard Baerocrinus and Hybocrinus as distinct types. The simi- 
larity of the arms on which Schmidt insists seems to me to bea 
comparatively unimportant character; and his suggestion as to the 
loss of a fourth arm-bearing plate from the Erras fossil; which 
would render it more similar to Hybocrinus, is, I think, hardly 
warranted by the condition of the specimen. If one be supposed 
lost, why not two, one from the upper face of each armless plate ? 
and even if one were missing, it is not easy to see where it could be 
inserted so as to make the calyx look like that of a Hybocrinus. 

If, then, as seems to me probable, Bacrocrinus is generically dis- 
tinct from Hybocrinus, it occupies a somewhat unique position 
among the Crinoidea. It is, perhaps, best regarded as a permanent 
larval form which has only developed three of its five arms. I can 
naturally offer no opinion respecting ‘‘ Volborth’s organ,” which is 
attributed by Schmidt, the latest writer on the subject, to purely 
mechanical causes ; but it has struck me as possible that it may repre- 
sent the anal opening, which does occupy a somewhat similar posi- 
tion between the radials and basals at one period of Crinoid deve- 
lopment. Should this ever turn out to be the case, Volborth will 
not have been so very far wrong aiter all; but the true nature of 
Baerocrinus must remain somewhat uncertain until other examples 
of it are met with. 

Of the three species of Hybocrinus described by Billings, two 
occur in the Trenton Limestone at Ottawa, and one in the Chazy 
Limestone. But the differences of the latter from the H. twmidus of 
the Trenton group are so slight that Billingsft had “ much doubt as 
to the propriety of separating it therefrom.” It is, however, re- 
tained as a distinct species in Messrs. Wachsmuth and Springer’s 


* Ann. & Mag. Nat. Hist. ser. 5. vol. vii. pp. 282-289, pls. xv. and xvi. 
+t Canadian Organic Remains, Decade iv. p. 24. 
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‘Revision,’ from which, curiously enough, the Russian Hybocrinus 
dipentas is omitted. 

Although Hybocrinus was discovered in Canada as long ago as 
1856, it has not been met with in the United States until quite 
recently. Prof. A. G. Wetherby* has obtained it, however, to- 
gether with some other most remarkable Echinoderms, from a sili- 
cified limestone near the top of the Trenton group in Mercer 
County, Kentucky. One specimen of H. conicus was found, and 
sixteen of H. tumidus, of which last Prof. Wetherby gives four 
excellent figures. He describes the upper azygos plate as rounded 
and crenulated at its distal extremity, as well as much thickened, 
and goes on to say that “the form of the plate is sufficient evidence 
that it supported a strong ventral sac, and the crenulated condition 
of the articulating upper surface of this plate indicates the place of 
the lower exterior openings into this sac.” I think it probable 
enough that the anal plate of Hybocrinus did support a strong 
ventral sac, as suggested by Prof. Wetherby; but its upper surface 
can hardly be described as “articulating.” It has no articular 
facet with fossze for the attachment of muscles, such as occur on the 
terminal surfaces of the ray- and arm-plates; and it is only when 
there is a movable joint of this kind between any plate and the 
one above it that its upper surface can be properly described as 
“articulating.” Such an articular surface occurs on the radials of 
Hybocrinus; but there is nothing of the kind on the anal plate. 
In a specimen kindly sent to me by Mr. Wachsmuth, I find the 


upper third of this plate to be somewhat thickened ; and the outer 


face meets the nearly vertical inner face along a curved but toler- 
ably sharp edge, on which I can make out little or no trace of 
crenulation. Somewhat below the middle of this edge there rises 
from the inner surface of the plate a little nipple-shaped projection, 
which may, perhaps, indicate the position of the anal tube. 

Hybocrinus is a Crinoid of a very embryonic type. The relatively 
large size of the basals and the retention of the anal plate, together 
with the simplicity of its arms and the absence of pinnules, all 
indicate its low stage of organization. The typical forms of the 
Russian species (fig. I. B; Pl. XI. fig. 2) differ irom the American 
ones (fig. I. a; Pl. XI. figs. 3-5) in having only a single anal 
or azygos plate. This supports the small right posterior radial on 
the one side; but the other (left) side bears no second anal plate, 
though the whole plate may be readily regarded as equivalent to 
the combined large and small anal plates of H. tumidus. 

The position of the large azygos plate in line with the four larger 
radials is a very striking feature in this genus. Wachsmuth? has 
pointed out that the small radial which it bears “ evidently cor- 
responds to the upper half of the compound plate in Dendrocrinus 
(fig. III. a), while the lower half, which is here apparently absent, 
is perhaps represented in a portion of the large undivided anal 


* «* Remarks on the Trenton Limestone of Kentucky,” Journal Cincinn. Soc, 
Nat. Hist. vol. iii. July 1880, 
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plate.” An intermediate stage between the two is afforded by Homo- 
crinus (fig. III. 8), which differs from Dendrocrinus “only in having 
the suture between the sections of the compound plate sloping 
instead of horizontal. By this, in itself, trifling alteration, which 
required no modification in the form or construction of other plates, 
the lower portion of the original compound radial became trans- 
formed into an anal plate.” It is in fact “ pushed slightly to the 
rear, thereby becoming a regular anal plate or support for the 
ventral sac”*. 

While entirely concurring in the views of Messrs. Wachsmuth 
and Springer respecting the mutual relations of Hybocrinus, Homo- 
crinus, and Dendrocrinus, I am not altogether in accordance with 
them as to the relations of these three types to Jocrinus. They 
have given us an interpretationy of the calyx of this type, which 
differs considerably from that given by Hall and by Meek and 
Worthen. I can offer no opinion upon this point; but, assuming 
that their analysis of the Jocrinus-calyx is the right one (fig. ITI. c), 
T cannot follow their comparison of it with Dendrocrmmus. The 
bifurcating plate, which gives rise both to the right posterior ray 
and to the ventral tube, is regarded by them as a brachial with 
interradial functions ; and they refer to Dendrocrinus as illustrating 
this point. As the plate in question is supported on the right 
posterior radial, and is ‘‘ of the same width as the other brachials, 
and apparently similarly articulated,” it is probably to be con- 
sidered a modified brachial. But the lower half of the compound 
radial of Dendrocrinus (fig. III. 4), to which it is compared by 


Fig. 111.— Diagrams illustrating the Anal System of the Cyatho- 
crinide. Copied from Wachsmuth and Springer. 


p B 
7, Radial. b. Basal. wu. Underbasal. a. Anal system. 
A. Dendrocrinus. B. Homocrinus (emend., W. & 8.). 


C. Locrinus (fide W. & §.). 


Wachsmuth and Springer, rests on two basal plates, and supports 
the right posterior radial, which itself bears the brachials. There 
* Revision, pp. 66, 78. t Lbid. p. 65. 
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is, therefore, no “ articulation” between it and a radial plate below, 
as is the case with the bifurcating plate of Jocrinus; for it is 
united to the basals by suture; and, being below an arm-bearing 
radial, it can hardly be considered a modified brachial, 2. ¢. as 
belonging to the series above the radials. It should be so con- 
sidered, however, if it is to be comparable to the bifurcating plate 
of Jocrinus in the manner suggested by Wachsmuth and Springer. 
I cannot, therefore, follow these authors in regarding Jocrinus as 
the starting-point from which the development of the anal plates 
may be traced from one genus of the Cyathocrinide to another. 

Viewed in a purely embryological aspect, Cyathocrinus, or a 
Dendrocrinoid form with the two halves of the “ compound radial” 
united, is a lower type than focrinus. For the continuous line of 
the radials is broken into by the anal plate, which is in direct 
contact with a basal, as in the early Pentacrinoid. ‘But in Jocrinus, 
although it is “ one of the earliest known forms of Crinoids, we find 
the body up to the top of the radials perfectly equilateral, all basal 
and radial plates having the same form;” and this symmetrical 
condition is only attained comparatively late in the development of. 
the recent Crinoid. 

The lower part of the compound radial of Dendrocrinus (fig. ILI. a) 
seems to me to be fairly represented by the large “anal” plate of 
Hybocrinus tumidus (fig. I. 4), and not by a portion of it only, as 
supposed by Wachsmuth and Springer. Resting, as it does, on the 
basals in a line with four very similar radials, it should, I think, be 
regarded rather as a modified radial, the arm-bearing portion of 
which has been cut off, than as a true “anal” plate; and I should 
therefore prefer to speak of it as the “azygos” plate. But I am 
bound to say that the condition of the Russian species (fig. I. 3B), 
which appears to have no separate anal plate, may be thought to 
prove the contrary. That the anal and the azygos plates of H. di- 
pentas may have fused, as suggested by Schmidt, is possible enough ; 
but the comparison of c and p, fig. I., seems to me to show that, 
like its fellow on the right, the azygos plate is fundamentally a 
modified radial belonging to the right posterior ray. 

These conclusions are supported, I think, by the results of my 
study of Hybocystites problematicus, Wetherby, which is certainly 
one of the most remarkable fossil Echinoderms yet discovered. 
Both Prof. Wetherby and Mr. Wachsmuth have been good enough 
to send me specimens for examination, with a liberal kindness for 
which I owe them my heartiest thanks. Characters seem to me to 
be present in all three specimens which have hitherto escaped 
notice, and are of very considerable morphological importance. No 
two of them are exactly alike; and I have therefore thought it 
worth while to supplement Prof. Wetherby’s representation of the 
type by a series of figures which have been executed with the 
greatest possible care by my friends Messrs. C. Berjeau and P. 
Highley. 

Hybocystites problematicus, the only species at present known, 
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was discovered by Prof. Wetherby*, together with Hybocrinus, in 
the Trenton beds of the Kentucky river-section already referred to. 

He speaks of it as the first fossil found “ which so closely unites 
characters both of the Crinoidea and Cystoidea, with the reference 
of the former characters to those of an undoubted Crinoid of very 
near relationship.” ‘The Crinoid in question is Hybocrinus; and 
according to Prof. Wetherby the resemblance is “so striking, that 
the sexual question is at once suggested as between the two.” His 
generic description of this remar Kable fossil is as follows.—‘* General 
outline of the body very similar to that of Hybocrinus tumidus, 
Billings. It consists of series of plates, five each in the first two, 
arranged as in Hybocrinus. As in that genus, the lower azygos 
plate bears 9, second and a radial upon its upper face. Arms three, 
one upon each side of the upper azygos plate, and one immediately 
opposite it. ‘The plates of the upper series between these arms, on 
either side, are excavated by a groove that is continued downward, 
and half or two thirds across the plate of the lower series beneath 
it. These grooves meet in the vault at a common point with those 
.of the arms, and form a part of the ambulacral system. 

“The mouth, or ambulacral orifice, is situated nearly centrally 
upon the upper surface. The valvular anal opening is placed be- 
tween the upper azygos plate and the mouth. ‘The arms are deeply 
furrowed, the grooves being covered by a series of cuneiform inter- 
locking plates. Pinnuli not observed. Proboscis or ventral sac 
indicated by the presence of the upper azygos plate. Column small, 
round, and placed excentrically as in Hybocrinus. Vault covered by 
plates, of which the arrangement cannot be determined. ‘There are 
no evidences of pectinated rhombs or poriferous plates. This genus 
combines in a remarkable degree characters both of the Crinoids 
and Cystids.” 

“ Remarks.—The almost perfect identity of the arrangement of 
the plates with those of Hybocrinus; the three arms; the two 
ambulacra running down the sides of the body, as in the appressed 
arms of many Cystideans; the valvular anal opening; the presence 
of a proboscis or ventral sac, as indicated by the prominent azygos 
plate ; and the uncovered area of the vault adjacent to it, all taken 
together, form a mixture of characters not united in any fossil of 
this difficult class hitherto described. I have referred it to the 
Cystidezee with some hesitation, but mainly on account of the 
anomalous arrangement of the ‘ambulacral system, three rays of 
which are upright and two appressed, and on account of the posi- 
tion of the anal opening, which is the same as that in Agelacrinites, 
Hemicystites, and Caryocrinus, with the shght modification in posi- 
tion caused by the presence of a ventral sac.’ 

It will be understood from the above description that Prof, 
Wetherby considers Hybocystites as possessing three arms like those 
of the Crinoids, and two appressed ambulacra such as occur in the 
Cystids. As regards the latter I am quite in accordance with him ; 

* Loc. eit. pp. 6-9. 
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but I would point out that they are almost equally comparable to 


- the ambulacra of the Blastoids; and I am inclined to think that 


the relations of Hybocystites are rather with this group and with the 
Crinoids than with the Cystids. For I cannot make out that it had 
any arms at all, in the ordinary acceptance of this term in Crinoid 
anatomy. In the only figure* which shows any thing of the arms 
described by Prof. Wetherby, two joints only are represented above 
the radials (Pl. XI. fig.6); and he nowhere speaks of having found 
any specimen with a larger number of arm-joints still in connexion 
with the calyx, such as are shown in his figure of Hybocrinus. 

But he describes “‘a more or less obscure furrow” upon the 
outer surface of each arm, “ of which nothing further is known.” 

This furrow is in reality a recurrent ambulacrum, as may be seen 
in figs. 8-24. It is most clearly seen in figs. 8, 14, and 20, which 
respectively represent a direct view of the anterior ambulacrum in 
each of the three specimens. They should be compared with figs. 
9, 12, 15, 18, 21, 23, representing identical views of the right 
and left anterior ambulacra, viz. the appressed ones, to which they 
are similar in all respects. 

I believe the supposed “arms” to be merely upward prolonga- 
tions of the radials, which are possibly more or less segmented in 
the same way as the downward-extending radials are in Pentacrinus 
briareus. There scems, however, to be much variation in this 
respect; for while two segments seem clearly visible in the left 
posterior ray of Wachsmuth’s smaller specimen (figs. 20, 21, 23, 
24), there are but faint traces of grooves marking off a second 
segment in either of the other two rays. In Prof. Wetherby’s 
specimen, again, delicate lines are visible crossing the radial exten- 
sions ; but I have great doubts as to whether they are really to be 
regarded as indicating segmentation. 

Of the five ambulacra, therefore, which diverge from the peri- 
stome, the right and left anterior ones pass directly downwards 
from the summit onto the corresponding radial plates, and from 
them onto the basals as described by Prof Wetherby. The other 
three ascend the inner faces of the short radial extensions, pass 
over their tops, and down their outer faces. They are least visible 
in Wachsmuth’s larger specimen (figs. 14-19), which has lost the 
upper ends of its radial extensions. But in his smaller one the two 
posterolateral ambulacra are very distinct (figs. 23, 24), more so in 
fact than the appressed anterolateral pair; and they are to be seen, 
though not clearly, passing over the upper ends of the radial exten- 
sions on the way from their inner to their outer faces. This feature 
is best seen in Prof. Wetherby’s specimen, as is shown in fig. 10. 

In reference to this question, | may mention that I have shown 
these specimens to several paleontologists, including Mr. R. Ether- 
idge, F.R.S., and his accomplished son, and also to other naturalists 
who have made a special study of Echinoderm structure. All of 
them, I am glad to say, have confirmed my interpretation of the 
**more or less obscure furrows” upon the outer surfaces of the 

* Loe. cit. pl. v. fig. 1a. 
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‘‘arms” of this type as recurrent ambulacra similar to those of the 
anterolateral rays. 

One very striking feature about these ambulacra is the great 
variation in their length and in the relative position of their distal 
ends. Thus in Prof. Wetherby’s specimen the anterior ambulacrum 
(figs. 8, 11) passes down over the surface of its radial, and is con- 
tinued onwards almost as far as the attachment of the stem, exactly 
occupying the position of the suture between the two anterior basal 
plates. But in both the other specimens (figs. 14, 17, 20, 22) it 
ends on the radial without reaching the basals at all. In the one 
it terminates almost exactly above the anterior basal suture (figs. 
20, 22), while in the other (figs. 14,17) it is slightly displaced 
towards the left side. 

The two anterolateral ambulacra (figs. 9, 11, 12; 15,17, 18; 
21, 22, 23) pass down onto the basals in all the specimens, just as 
described by Prof. Wetherby ; but they vary considerably in other 
respects. ‘That on the right side occupies nearly the same relative 
position in Wetherby’s specimen (figs. 11, 12) as in Wachsmuth’s 
smaller one (figs. 22, 23). In both cases the ambulacrum bends 
slightly backwards as it passes over the radial, though in the 
former it ends rather further behind the suture of the right and 
right anterior basals than it does in the latter. In Wachsmuth’s 
larger specimen, however, (figs. 17, 18) the backward curvature is 
stronger and more continuous, very much as in Prof, Wetherby’s 
fig. la. It does not pass into a forward curve again; and the 
suture between the subjacent basals is quite obscure, so that the 
base appears to consist of four unequal plates. 

In the characters of the left anterior ambulacrum, on the other 
hand, Prof. Wetherby’s specimen (figs. 9, 11) agrees with Mr. 
Wachsmuth’s larger one (figs. 15, 17). In each case the ambula- 
crum comes down onto the left posterior basal; but it is distinctly 
longer in Wetherby’s specimen, and has a trace of a forward curve, 
which is absent in the other. In Wachsmuth’s smaller specimen 
(figs. 21, 22), however, this ambulacrum comes right down onto the 
suture between the two left basals, so as to conceal all but a trace 
at its central end. 

Passing now to the right posterior ambulacrnm, we find another 
resemblance between Wetherby’s specimen (figs. 12, 13) and Wachs- 
muth’s smaller one (figs. 23, 24) in the ambulacrum passing from 
the surface of the small radial onto the azygos plate. This appears 
to me to support the view that this plate in the analogous form 
Hybocrinus really belongs to the radial series, and is not to be 
regarded as an anal plate like the smaller one supported upon it. 
The ambulacrum is slightly longer in Wetherby’s specimen ; but 
in both cases it is visible in a view of the calyx from below 
(figs. 11, 22), -In Wachsmuth’s larger specimen, however, it does 
not extend onto the azygos plate at all (figs. 18, 19), and is there- 
fore invisible in a dorsal view (fig. 17). 

The left posterior ambulacrum is also invisible from below, 
though it does extend downwards for a short distance onto its 
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radial (fig. 19). In the other two individuals, however, it comes 
far down onto the radial (figs. 9, 13, 24), and is visible on the 
dorsal aspect of the calyx (figs. 11, 22), But its course is different 
in the two cases. In Wetherby’s specimen it bends considerably 
backwards, and terminates above the posterior basal (figs. 11, 13); 
whereas in Wachsmuth’s specimen its distal portion turns slightly 
forwards, so as to end a little way in front of the suture between 
the left posterior and the posterior basals (figs. 22, 24). 

These three individuals not only exhibit a ereat amount of insta- 
bility in the characters of the ambulacra, but the component plates 
of the calyx present occasional deviations from their ordinary 
symmetrical form, as is evident from a glance at the figures. The 
most striking case is on the right side of Wachsmuth’s larger speci- 
men (fig. 18), its radial departing considerably from the hexagonal 
form which it presents in the other two specimens (figs. 12, 23); 
while the basals are correspondingly modified, and the sutures 
between them obscured. In like manner the suture between the 
anal plate and the small radial is obscured in Wetherby’s specimen 
(fig. 13); and the upper boundaries of the radials are in nearly all 
cases very difficult to define. Occasionally, however, (figs. 14, 15, 
16, 20, 21) there seem to be traces of oral plates between the 
ambulacra, somewhat as in Oyathocrinus. 

In Mr. Wachsmuth’s larger specimen (fig. 16) there are traces of 
small pits in the summit, as to the nature of which it is difficult to 
decide. If they really mean any thing, and the summit be an oral 
pyramid, they may possibly represent the water-pores like those in 
the Pentacrinoid larva of Comatula. I can, however, find no trace 
of them in either of the other specimens, and have therefore con 
siderable doubt as to their possessing any real morphological value. 
Failing these, I can find no trace of any respiratory organ in 
Hybocystites; and I am therefore less disposed than is Prof. 
Wetherby to refer it to the Cystidea, though its appressed ambu- 
lacra give it a certain resemblance to some forms of that group. 
But their relation to the radials is far more like that of the ambu- 
lacra of the Blastoids. These, however, are usually broader. than 
in Hyboe ystites, and have various accessory structures that are as 
yet unknown in this type. Of the ambulacra of the Silurian 
Stephanoerinus we unfortunately know but little. They were at 
any rate narrow, and possibly devoid of hydrospires. T'roostocrinus 
Remwardti, the earliest Blastoid which is satisfactorily known, 
has narrow linear ambulacra not unlike those of Hybocystites ; but 
they cover the hydrospiral tubes, as to the presence of which in 
Hybocystites we know absolutely nothing. The latter type differs 
from all known Blastoids in the extension of the ambulacra onto 
the basal plates; while its calyx presents the most striking analogy 
with that of Hybocrinus. 

It ditfers from the Crinoids, however, in the absence of truo 
arms, and in the singular relations of its ambulacra. The course of 
three of them, up one face of the radial extension and down the 
other, may perhaps be explained by a reference to Cupressocrinus, 
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which has many Blastoid affinities. In the variety minor of C. ab- 
breviatus there are only two arm-joints. If the second one be 
imagined as bent back upon the first so that the flattened dorsal 
surfaces of the two joints met and united, the result would be a 
morphological condition somewhat similar to that of Hybocystites. 
It would have most resemblance to the condition of the right 
posterior ambulacrum in Wachsmuth’s larger specimen (fig. 18). 
As pointed out above, this ambulacrum does not come down onto 
‘the large azygos plate, which I regard as a modified radial, any 
more than the recurved ambulacrum of the Cupressocrinus “ arm” 
would pass onto the radial below it. If I understand Wachsmuth’s 
writings aright, this is somewhat the view which he takes of the 
ambulacra of the Blastoids generally, one, however, which I do not 
altogether share, for reasons which will be explained elsewhere. 

Thus, then, I regard J/ybocystites as combining Blastoid rather 
than Cystidean characters with those of the Crinoids; though I 
should hesitate for the present to refer it to the Blastoidea, which 
form on the whole a fairly compact group possessing certain well- 
defined characteristics. 

Hybocystites is only one among many paleozoic Echinoderms to 
which no definite position can as yet be assigned. It is much to be 
hoped that other and better specimens of this remarkable type may 
soon be discovered, so that some light may be thrown upon the 
many structural characters respecting which we are as yet alto- 
gether in the dark. 


EXPLANATION OF PLATE XI. 

Fig. 1. Baerocrinus Ungerni, slightly restored. After Grewingk. 

. Hybocrinus dipentas, anal side. After Grewingk. 

to 0. Hybocrinus tumidus, X 13. Trenton Limestone, Kentucky. 3, 
left side; 4, right side ; 5, anal side. 

§-24, Hybocystites problematicus. Trenton Limestone, Kentucky. 

6,7. Copied from Wetherby; fig. 6, right side, x 2; fig. 7, anal side, 
natural size. tna 

8-18. Prof. Wetherby’s specimen, x 2. 8, front view; 9, left side; 10, 
summit; 11, dorsal aspect; 12, right side; 13, anal side. 

14-19. Mr. Wachsmuth’s larger specimen, x 2. 14, front view; 15, 
left side; 16, summit; 17, dorsal aspect; 18, right side; 19, anal 
side. 

20-24. My. Wachsmuth’s smaller specimen, X 3. 20, front view; 21, 
left side ; 22, dorsal aspect; 23, right side; 24, anal side, 
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Discussion. 


Dr. Carpenter said that the paper contained very carefully 
worked out descriptions of a curious osculant form between the 
Blastoids and the ordinary Crinoids, which were in process of discovery 
in the older rocks, especially in N. America. . He was glad that his 
son had devoted himself, with such good results, to the study of 
these difficult forms, at which he had once worked himself; and he 
thanked the Society for the cordial welcome which they had always 
accorded him. 
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32.—On the Camprian (Sedgw.) and Stnurran Rocks of Scan- 
pinavia, By J. E. Marr, Esq., B.A., F.G.S.* (Read April 5, 


1882.) 
Contents. 
. Introduction. 
. Description of the strata. 
Comparison of the strata with the British and Bohemian deposits, 
. Migrations of the faunas. 
, Summary. 
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$ 1. Introduction. 


Tar Cambrian and Silurian rocks of Scandinavia occur in isolated 
patches among the older granites and gneisses of the peninsula; but 
the various strata of these patches have been correlated by many 
geologists (notably by the late Dr. G. Linnarsson); for their 
lithological characters continue nearly unaltered over many thousand 
seuare miles of ground. ‘The strata are generally very little 
disturbed and faulted (an exception to this statement must, however, 
be made in the case of the Dalecarlian beds), and cleavage is very 
exceptional; hence the organic remains are usually well preserved. 
The great interest of the latter is due to the fact that many of 
them are found in shallow-water beds, deposited at periods when 
the greater part of the North-western Huropean area was covered 
with deep water. 

In a paper read before the Society on the ninth of June 1880, 
whilst the ‘‘ Colonies” theory of M. Barrande was considered at 
some length, I merely referred to the instances of migration shown 
by the eminent paleontologist to have occurred in the Bohemian 
area. In the present communication I intend to treat more of the 
phenomena of migrations; and as these, unlike the Bohemian 
“ colonies,’ lend support to the nomenclature of Prof. Sedgwick, his 
classification of the Cambrian and Silurian rocks is here adopted. 

My hearty thanks are due to many geologists, among whom [ 
may mention Dr. Sven Tornqvist (under whose guidance I visited 
the principal sections of Dalecarlia), Prof. Lindstrém (for kind 
assistance in the Museum of the Academy of Science, Stockholm), 
Mr. Broégger of Christiania, Prof. Johnstrup of Copenhagen, Prof, 
Lundgren of Lund, and Dr. Tullberg. My thanks are again due to 
Profs. Hughes and Bonney for much kind assistance. 


§ 2. Description of the Strata. 


It will be most convenient to describe separately the strata of the 
different areas which I have examined, in the order in which they 


* (The author gratefully acknowledges a second grant from the Worts 
Travelling Scholars’ Fund of the University of Cambridge, “to enable him to 
travel in Norway, Sweden, and the islands of the Baltic, and collect evidence 
and specimens bearing upon the question of the classification of the Cambrian 
and Silurian Rocks” (Grace 3, Apr. 15th, 1880), | 
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were visited, 2. ¢. commencing in the north-east, and proceeding to- 
wards the south-west, or generally from shallow-water formations 
to those deposited in deeper seas. The following are the different 
areas examined :—I. Dalecarlia; II. Ostrogothia and Westrogothia : 
III. Christiania; IV. Scania; VY. Baltic Islands. 

I. Dalecarlia (Dalarne).—The Cambrian and Silurian rocks of 
this province occur in the neighbourhood of Lake Siljan and the 
smaller surrounding lakes, and are encircled by granites and 
gneissose rocks. ‘These beds have been described by many authors, 
including Sir R. I. Murchison (Q. J. G. S. vol. iii. p. 1); but since 
his description, the fullest details have been worked out, notably, by 
Dr. Sven Tornqvist. The general succession of the beds is given by 
him (Ofv. af Kongl. Vet.-Akad. Forhandl. 1874, No. 4, p. 38) in 
descending order, as follows :— 


Lepteena-limestone. 
Upper Graptolite-shales. 
Trinucleus-shales. 

Grey limestone. 
Cystidean limestone. 
Orthoceras-limestone. 
Obolus-beds. 


Below the latter is the unfossiliferous “Slip-sandsten.” This con- 
sists of white, brown, and pink grits, conglomeratic at the base, and 
deposited upon gneissose and other rocks. It was evidently laid 
down in shallow water, and is frequently found faulted against much 
newer beds. 

Obolus-beds.—These beds are divided by Toérnqvist into a lower 
conglomerate and upper limestone. They rest unconformably upon 
older rocks. Both conglomerate and limestone contain worn valves 
of an Oboloid shell, and are also crowded with glauconitic grains. The 
conglomerate, as stated by Tornqvist, also contains phosphatic 
nodules. At Vicarbyn, on Lake Siljan, the conglomerate rests 
upon granite, and contains pebbles about the size of a pigeon’s egg, 
both matrix and pebbles being composed of granitic materials. The 
Obolus-beds are well seen near Boda, in some old lead-workings on 
the hillside a few hundred yards KE. of the church, where they 
present the same characters as at Vicarbyn, and pass up into the 
Orthoceras-limestone. 

Orthoceras-Limestone.—A great series of thin-bedded limestones 
divided by Tornqvist (loc. cit.) into five groups:—Upper grey 
limestone, upper red limestone, lower grey limestone, lower red 
limestone, and green glauconitic limestone. The last named is well 
seen at Vicarbyn, where it contains very large grains of glauconite. 
Above this is a red bed, containing a few glauconitic grains some- 
what decomposed : this is important as seeming to bear out the 
supposition of Profs. Seeley and Bonney that certain red rocks, such 
as the Hunstanton Red Chalk, owe their colour to the peroxidation of 
glauconitic grains. At Kiargairde, near Orsa, a bed in the lower 
grey limestone is crowded with brown oolitic grains, The upper 
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red limestone at Skattungbyn contains a band of red shale from 
half an inch to one inch in thickness, very rich in fossils, which are 
of considerable interest, and will be referred to more fully when 
considering migrations. I found here :— 


Beyrichia, sp. Remopleurides radians ? 
Turrilepas. | Trinucleus. 

Agnostus trinodus, var. | Orthis. 

Aigilina (eye of). | Acrotreta. 

Acidaspis. | Gasteropods. 

Lichas. | 


All these fossils are very minute, and seem to have lived under 
conditions unfavourable for the existence of marine life. 

The Orthoceras-limestone at Fyjecka is succeeded by a grey 
limestone with shaly partings: this bed is considered by Torngqvist 
to be a passage-bed between the Orthoceras-limestone and the 
succeeding Cystidean limestone; it contains an admixture of the 
faunas. A similar bed occurs at Furudal, where shaly partings 
contain Diplograptus. 

Cystidean Limestone.—A grey nodular limestone, usually crowded 
with Cystideans, mostly in a poor state of preservation, well seen 
at Vickarbyn, Kirgarde, Fjecka, and Furudal. 

Between the Cystidean limestone and the Trinucleus-shales are two 
series of beds which have not yet received distinctive names, but 
have been described by Tornqvist (Ofv. af. K. V.-Akad. Forh. 1874, 
No. 4,p.16). The lower series immediately succeeds the Cystidean 
limestone, and passes into it. It consists of greenish grey cal- 
careous shales, with calcareous nodules. This series is found at 
Kirgarde and at Fjecka. A list of fossils is given by Tornqvist, to 
which I may add Turrilepas and Beyrichia strangulata, which I 
found at Kargarde. The succeeding series consists of hard grey 
limestones, in which fossils are very rare: it is seen at Fjecka, 
apparently underlying the old grey marls (all the beds at this place 
being reversed). 

Trinucleus-Shales.—Black shales, crowded with fossils, and con- 
taining hard unfossiliferous limestone bands, succeeded by red cal- 
careous fossiliferous shales. These beds are seen in many sections, 
as at Vickarbyn, Skattungbyn, Fjecka, and Gullerisen. In the 
paper already referred to, Tornqvist gives lists of the higher 
organisms; and in another paper (Geol.-Foren. i Stockh. Forh. 
1879, Fo. 56, Bd. iv. No. 14, p. 448) he records Diplograptus 
pristis, His., Dicellograptus anceps, Nich., and D. elegans, Carr., 
from these beds. 

Upper Graptolite-Shales. These have since been divided by 
Térnqvist (Geol. Foren. Forh. 1875, No. 10) into the lower or 
Lobiferus-shales, and the upper or Retiolites- shales. 

The junction between the Lobiferus- and Trinucleus-shales is 
nowhere seen at present. At the north end of the village of Gul- 
lerasen, the red beds of the Trinucleus-shales are seen at one side 
of a stream, and the Lobiferus-shales at the other; and there is no 
evidence of a fault between them. The lowest beds of the Lobi- 
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ferus-shales seen consist of thin black “ wafer” shales crowded with 
Climacograptus normalis, and interbedded with grits. 

In alane near Nitsjo, the red beds of the Trinucleus-shales are 
succeeded by a thin bed of white gritty oolitic limestone, above 
which Térnqvist has seen the Lobiferus-shales; but these are no 
longer exposed. This limestone here represents the base of the 
Silurian, and is, as will be described hereafter, similar to other beds 
occupying the same position in other areas of Sweden. 

The Lobiferus-beds of Dalecarlia indicate somewhat shallower- 
water conditions than do their graptoliferous equivalents in other 
countries. They are grey, often gritty shales, containing Grapto- 
lites, sometimes along with higher organisms, as at Kallholn. 

The Retiolites-shales are more flaggy than the Lobiferus-shales. 
They are usually light grey, sometimes green or red, and have 
interbedded calcareous bands and nodules. They are well seen at 
Stygforsen near Boda, where they are faulted against the ‘ Slip- 
sandsten.” 

Leptena-Limestone.—This is the most puzzling of all the Dale- 
carlian formations. It consists principally of a coarsely crystalline 
white limestone, with interbedded shaly partings. Gritty beds 
occur in places, as near Rattvik, on Lake Siljan. The lower part 
is formed of thin-bedded shaly green limestones as seen at Arfvet 
and Boda. The fauna would at first sight seem to indicate a 
position below the Retiolites-beds, and even below the Lobiferus-beds. 
The limestone is hardly ever seen in its true place, occurring usually 
as a boss in the middle of a valley, with no rocks exposed on either 
side. In many cases its present position is due to faulting, and 
perhaps in some cases, as suggested by Dr. Tornqvist, to transpor- 
tation by ice during the glacial period. A summary of the evidence 
for placing it above the Retiolites-beds may be given :— 

(i.) It cannot be below the Trinucleus-shales, as a continuous 
sequence is often exposed below these beds. 

(ii.) It cannot be between the Trinucleus-shales and the Lobi- 
ferus-shales; for in many sections these beds are seen very near 
together, with no room between for the Leptena-limestone, which 
is many hundred feet in thickness, and at Nitsjé the interval is 
occupied by a thin band of limestone, only a foot or two in 
thickness ; the Leptena-limestone of Boda also contains fragments 
of other rock, including a green grit, probably of Precambrian 
age, and also of shales containing Graptolites characteristic of the 
Lobiferus-beds. These fragments are often of great size, some being 
several feet in diameter, and quite angular; and they may have been 
brought from the north by floating ice. 

(iii.) The Lepteena-limestone cannot occur between the Lobiferus- 
and Retiolites-shales, as the former pass gradually into the latter, as 
seen at Kallholn. If the fragments of Lobiferus-beds included in 
the Leptzna-limestone be supposed to come from the north, this 
will account for the absence of fragments of Retiolites-shales in the 
same beds; for these were not deposited further north, as will be 
seen in the sequel, 
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(iv) The occurrence of the Lepteena-limestone above the Retiolites- 
shales is borne out by its position at ci where the following 
is the apparent section in ascending order :— 

1, Lobiferus-beds, seen in a stream- seebion: 

2. Passage-beds between the Lobiferus-beds and esietseacat ales 
containing an intermixture of the faunas, on the same slabs of stone, 
in a well-section. 

3. Retiolites-beds, in another well-section. 

4, Leptzena-limestone in a small quarry on hill-side. 

This is the only locality in Dalecarlia where the Leptana-lime- 
stone does not show indications of having been disturbed. 

Again the grey shaly base of the limestone, as seen at Arfvet and 
Boda, presents just such an appearance as might be expected in 
beds of passage between the Retiolites-shales and the Lepteena-lime- 
stone itself, 

No newer beds of Silurian age are founed in Dalecarlia. 

II. Ostrogothia and Westrogothia.—In Ostrogothia the Cambrian 
and Silurian rocks are seen in a few exposures on Lake Wetter and 
along the banks of the Gotha Canal. In Westrogothia they occur 
well exposed along the peculiar terraced hills so characteristic of 
that province, the most celebrated of which is Kinnekulle. This 
region has been admirably described by Dr. Linnarsson in many 
memoirs. As these have made the stratigraphy of this region 
familiar to all students of the lower paleozoic rocks, it is unnecessary 
to describe the beds in detail, and I shall therefore confine myself to 
observations of the beds at the top of the Cambrian system and the 
base of the Silurian, as a study of these beds throws considerable 
light upon the classification of these deposits. I have studied the 
boundary between the two systems on Lake Wetter at Rasniset, in 
the neighbourhood of Motala, and near Falkdping, in the hills of 
Mosseberg and Alleberg. In all these localities the top beds of the 
Trinucleus-shales are red shales, often calcareous, as in Dalecarlia. 
At Rasniiset these beds are succeeded conformably by green shales 
with thin bands of green nodular gritty limestone, and containing 
fossils, especially Trilobites, such as Calymene, Hnerinurus, and 
Spherexochus ; these beds are about twenty feet thick. Resting 
upon them, somewhat irregularly, is a bed of greenish limestone of 
a gritty character, containing much pyrites and oolitic in places; 
except in colour this bed in every particular resembles the band of 
limestone at Nitsjé, in Dalecarlia, and, like that bed, is immediately 
succeeded by the Lobiferus-shales, which are here of a wafery 
character and crowded with Graptolites. 

In the hills near Falkoping the red Trinucleus-shales are succeeded 
by green shales similar to those above the Trinucleus-shales of 
Rasniset. These are overlain conformably by blue flaggy beds of 
considerable thickness, passing into gritty beds at the summit. 
These beds appear to contain few fossils ; but I obtained a Zrinucleus © 
from the grits. Resting upon this series is a horny grey pyritous 
limestone, succeeded by coral-bearing limestones, and these by cal- 
careous grits, which are very fossiliferous. These latter are the 
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zone of Phacops mucronatus, Brongn., and pass gradually into the or- 
dinary wafery Lobiferus-shales, the Passage-beds containing Clima- 
cograptus normalis mixed with higher organisms. The Lobiferus- 
beds are succeeded in Westrogothia by the Retiolites-shales, well 
seen on Kinnekulle; and on the highest terrace below the igneous 
rock of the summit of that hill, near the hamlet of Kullatorp, I 
found loose blocks of gritty shale with Monograptus colonus, Barr., 
indicating the existence in Westrogothia of a higher horizon than 
the Retiolites-shales. 

Near the same hamlet, below the Retiolites-shales, there are some 
green shales in which I could find no fossils; and below these is 
swampy ground running along the line of strike, indicating probably 
the position of the Lobiferus-beds. 

III. Christiania.—The geology in the neighbourhood of the capital 
of Norway, so admirably worked out by Prof. Kjerulf, has been 
illustrated by him, in a form well suited for the requirements of a 
visitor, in his ‘ Veiviser.’ I am much indebted to Mr. Broégger for 
taking me to some of the principal sections around Christiania. I 
would here again refer more particularly to the higher Cambrian 
beds and those at the base of the Silurian; for the lower Cambrian 
beds are very similar, generally speaking, to those of Westrogothia, 
and have been well described by Brogger and others. A sectionof the 
higher beds is given in ‘ Siluria,’ p. 349, as seen in the islands of 
Ormé and Malmé in the Christiania fjord. The lowest beds seen in 
Ormé (7 of Murchison, Etage 4 Kjerulf) are limestones of Bala age 
with Chasmops &e. These are succeeded unconformably by a 
conglomerate (8 Murch., Et. 5 Kjer.) consisting of a calcareous 
gritty matrix, with many pebbles, some as large as ‘a hen’s egg. Fol- 
lowing upon this are olive-grey shales (9 Murch., 5 (3 Kjer.) with 
interbedded limestone, containing many fossils, a list of which is 
given in the ‘ Veiviser;’ and in this bed Mr. Brogger and myself 
found Climacogr aptus normalis. Nidulites favus and Stricklandinia 
lens occur in the upper part of this group, which is overlain by 
nodular grey limestone (9 b Murch., Et. 6 Kjer.) containing Penta- 
merus oblongus, and this by (10 Murch., Et. 6 Kjer. ) limestone with 
many corals, Formation no. 11 of Murchison (Et. 7 Kjer. in part) 
consists of brown sandy shales and calcareous bands containing 

many crinoid stems, and succeeded by blue flaggy shales(13 Murch. Et. 
8 Kjer. in part) with Monograptus priodon, M. Halli?, and higher 
organisms. The highest beds in Malmo (14 Murch., Et 6 Kjer. in 
part) are grey limestones with Euomphalus funatus, £. sculptus, 
Pterinea retrofleca, &c., which Murchison correlates with the Ludlow; 
but they are probably in reality Wenlock. 

IV. Scania (Skine).—This province, again, has been especially 
elucidated by Dr. Linnarsson, whose discoveries have been made 
familiar to us by the writings of Prof. Lapworth (Cf. Geol. Mag. dec. 
ii. vol. vii. Jan. and Feb. 1880), where a list of the Scanian 
formations is given. I was enabled, by the kindness of Prof. 
Lundgren, to study the collections in the Lund University Museum, 
and was accompanied in the field by Dr. Tullberg. 


oul 
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The sequence above the Trinucleus-shales is strikingly similar to 
that of Westrogothia. As in that province, so here, those shales are 
overlain by greenish shales and calcareous beds withSpherewxochus, &c.; 
and above these are blue flaggy beds with Phacops eucentra, Ang., 
which was described and figured from specimens out of these beds at 
Rostanga. The same species occurs in similar beds at Borenshult, 
in Ostrogothia. These blue flags, 1 am informed by Dr. Tullberg, 
are succeeded by a band of limestone, one or two feet in thick- 
ness, above which are the Lobiferus-shales. The Lobiferus-beds 
are overlain by Retiolites-shales, and these by beds containing 
Monograptus colonus, M. bohemicus, Cardiola interrupta, &c. They 
are greyish-green gritty shales, with large lenticular masses of lime- 
stone, as at Bjersjolagard, which contain characteristic Wenlock fossils, 
This is succeeded by grey gritty shales, lithologically continuous 
with the Cardiola-beds, but poorly fossiliferous; and above these 
come green shales and sandstones, yellow at Bjersjolagard, red at 
Ramsisa, with characteristic Ludlow fossils. 

V. Baltic Islands—Gothland. In a hasty examination of the 
principal sections of this island I could not see sufficient evidence to 
prove that there are two distinct masses of limestone, representing 
Wenlock and Aymestry limestones respectively, as described by 
Murchison. The dip is so slight that it is impossible to tell whether, 
the Visby limestone dips under that of Klinte; and the occurrence of 
somewhat different forms of life may be merely due to the difference 
of lithological character, as is so well seen in the case of EH. e. 2 in 
Bohemia. Monograptus priodon, recorded by Dr. Linnarsson (Ofv. 
af K. Vet.-Akad. Forh. 1879, no. 5) in the Klinte group, would seem, 
as stated by Prof. Lapworth (Geol. Mag. loc. cit.), to bear out this 
view ; for he says that he has never been able to detect any fragment 
of M. priodon in the lower Ludlow rocks. I believe Prof. Lindstrom 
also differs from Sir R. Murchison in his explanation of this section. 

Bornholm.—By the kindness of Prof. Johnstrup, I was enabled to 
examine the collection made by him im this island, and preserved 
in the Copenhagen University Museum. The geology of the island 
has been described by him (Johnstrup, Oversigt over de Pal. 
Dannelser paa Bornholm). The Ceratopyge-limestone and Phyllo- 
graptus-shales are described as missing; so that there is an over- 
lap, and the Alum-shales are succeeded (apparently conformably) by 
the Orthoceras-limestone. The Trinucleus-shales are noteworthy, 
as they are calcareous ashy beds, much resembling the more shaly 
parts of the Coniston Limestone of England. The Lobiferus-beds 
and Retiolites-shales are described together, and a mixed list given; 
but they occur apart. 

The Retiolites-beds contain :— 


vomerinus, Nich. Modiolopsis. 

-— spiralis, Gein. Orthoceras primeyum. 
Retiolites Geinitzianus, Barr. laqueatum ? 
Cyrtograptus Murchisoni, Carr. subundulatum. 
Ceratiocaris Murchisoni ? —— tenuicinctum. 


Monograptus priodon, Bron. | Aptychopsis primum, Barr, 
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§ 3. Comparison of the Strata with British and Bohemian Deposits. 


The Scandinavian strata have been correlated with those of Britain 
and Bohemia by various authors, notably by Dr. Linnarsson (ef. 
Geol. Mag. 1876, p. 245, and 1878, p. 278; Ofv. af K. Vet.-Akad. 
Forh. 1873, no. 5; and Lapworth, Geol. Mag. 1880, p. 29), by Dr. 
Térngqvist (Ofv. af K. Vet.-Akad. Forh. 1879, no. 2, p. 63), by Prof. 
Lapworth (Ann. and Mag. Nat. Hist. ser. 5, vol. iii. ), and by Dr. Tull- 
berg (Geol. Foren. i Stockh. Forh. 1880,no. 59, Bd. v. no. 3). I would 
here consider more fully the beds at the top of the Cambrian and 
the base of the Silurian systems. Passing over the representatives 
of the Harlech, Menevian, and Lingula-formations, and commencing 
with the Ceratopyge-limestone, we find this correlated by Dr. 
Linnarsson with the Tremadoc slates of England (Kongl. Vet.-Akad. 
Forh. 1869). The Orthoceras-limestone is underlain by shales 
with Phyllograptus in Westrogothia, and overlain by Phyllograptus- 
shales in Scania, as described by Dr. Linnarsson, whilst the genus is 
found in shales intercalated with the Orthoceras-limestone of Dale- 
earlia (Tornqvist, Geol. Foren. i Stockh. Forh. 1879, no. 56, 
Bd. iv. no. 14, p. 446); so that Tornqvist (Ofv. af K. Vet. ~Akad, 
Forh. 1879, no 2, p. 69) correlates this limestone with the Arenig 
group of Britain. The limestone itself seems to have been a shallow- 
water deposit; and its fauna is interesting as bearing on the subject 
of migrations. ‘The deep-water fauna, as seen in the thin band of 
red shales at Skattungbyn in Dalecarlia, and in the Phyllograptus- 
shales, corresponds with that of D.d.1y of Bohemia, and of the Arenig 
of Britain. 

The succeeding Graptolitic shales of Scania have been correlated 
by Prof. Lapworth and Dr. Tullberg (loc. cit.), zone for zone, with 
the corresponding beds of the south of Scotland ; but these Grapto- 
litic shales are replaced by shallower-water deposits in Westrogothia, 
Dalecarlia, and the neighbourhood of Christiania. 

In Dalecarlia, as in Bohemia, above the Arenig beds are two 
series of shallow-water deposits, and two of deeper water. The 
Cystidean limestone of Dalecarlia, containing Cystideans of the 
aurantium-type, along with Chasmops, Stygina, &c., is supposed by 
Térnqvist to be the equivalent of the Lower Bala of Britain ; and it 
corresponds in position with D. 2 of Bohemia, although there is no 
resemblance, either lithological or paleontological, between the two 
deposits. The next succeeding formation, however, the green shales 
of Kiirgirde and Fjecka do somewhat resemble the shales D. 3 of 
Bohemia; they seem to be more allied to the Cystidean limestone 
than to the Trinucleus-shales, and probably are also of Lower Bala 
age. The hard limestone of Fjecka lying below the Trinucleus- 
shales may be the same as the band D. 4 of Bohemia, as the 
succeeding Trinucleus-shales, which are similar in character in various 
parts of Sweden, have long since been correlated by Dr. Linnarsson 
with band D. 5 of Bohemia; I should, however, correlate them 
only with the lower part of that band, viz. the Kraliv Dvtr shales. 
Not only are the Trilobites identical in genera, but the species are 


SILURIAN ROCKS OF SCANDINAVIA. ok 


either the same or very closely allied, as shown by Linnarsson in his 
description of the geology of Westrogothia ; moreover the character- 
istic Graptolite of the Swedish Trinucleus-shales, as of the Kraliv 
Dvir shales, is Dicellograptus anceps. 

The Beyrichia-limestone of Westrogothia, which contains Chas- 
mops, perhaps continued forming after the Cystidean limestone of 
Dalecarlia had ceased to be deposited, as the former is immediately 
surmounted by the Trinucleus-shales. 

In the neighbourhood of Christiania there are no Trinucleus-shales, 
but the highest Cambrian beds consist of limestones. 

The highest beds of the Cambrian series occur in Ostrogothia, 
Westrogothia, and Scania. They are the green Spherexochus-shales, 
the blue shales of Mosseberg and Alleberg in Westrogothia, of Borens- 
hult in Ostrogothia, and of Rosténga in Scania, and the gritty beds of 
Mosseberg with Trinucleus. These beds are in lithological character 
quite similar to the Ashgill shales of the Lake-district, and their 
faunas are similar. Common to the two are Zurrilepas sp., Beyri- 
chia n. sp., Phacops eucentra, Ang.*, Cybele, Orthis testudinaria, 
Holopea concinna. 

Dr. Tornqvist identified the Brachiopod-beds of Sweden with the 
Ashgill shales, but included beds which I would refer to the baso 
of the Silurian system. 

The beds with Phacops eucentra are probably the equivalents of 
the Kosov grits of D. 5 in Bohemia. 

We are now in a position to consider the break between the Cam- 
brian and Silurian systems, as marked in Scandinavia. 

The highest Cambrian beds of Sweden are the Phacops-eucentra 
sroup, as seen in Mosseberg &c. ‘They are divisible into three 
groups—an upper gritty one, a middle one of blue flags, and the 
lower green Spherexochus-shales. In Ostrogothia, at Rasniiset, the 
two upper groups have disappeared, and the base of the Silurian 
reposes upon the Spherexochus-shales. In Dalecarlia there is no 
representative of the Phacops-cucentra beds, and the Trinucleus- 
shales are immediately succeeded by Silurian beds. At Christiania 
the Trinucleus-shales themselves are absent, and the Silurian base- 
ment rocks repose upon limestones with Chasmops, which may, 
however, partly represent Trinucleus-shales, Where the junction 
between the Silurian and Cambrian is seen, it is usually found to be 
an uneven one, even where the highest Cambrian beds are seen 
near Falkoping; so that the whole evidence is in favour of an un- 
conformity. 

The highest beds of the Cambrian are laminated false-bedded 
grits, showing shallow-water conditions. The physical break is 
accompanied by a paleontological one, as admitted by Swedish 
paleontologists. 


* The Phacops eucentra of Angelin was founded ‘on specimens from the blue 
shales of Rostanga ; it is in every respect identical with the Phacops of the 
Ashgill shales (cf. Q. J. G. 8. 1878. p. 884), which I referred to a variety of P: 
mucronatus, stating that it would have to be ultimately separated. ‘The true P. 
mucronatus occurs in the upper part of the Brachiopod- beds of Westrogothia. 
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The basement beds of the Silurian everywhere indicate that they 
were deposited in shallow water. Where they consist of thin beds 
of limestone they are immediately succeeded by the Lobiferus-shales, 
as in Dalecarlia, Ostrogothia, and Scania. In Westrogothia the 
upper part of the Brachiopod-beds consists of a series of calcareous 
grits, with fossils of May-Hill facies, the characteristic fossil being 
Phacops mucronatus. The upper part of these beds contains an 
admixture of the Brachiopod-bed fauna with Graptolites characteristic 
of the Lobiferus-shales. At Christiania the basement-conglomerate 
of the Silurian is succeeded by shales with a characteristic May-Hill 
fauna, such as Nidulites favus, Stricklandinia livata, Phacops mu- 
cronatus, and Ph. elegans, Boeck and Sars. With these fossils, as 
before mentioned, is Climacograptus normalis. These beds, then, 
appear to be the representatives of the Birkhill shales, as are 
perhaps in part the succeeding Pentamerus- and coral-limestones. 
The green Encrinital shales above this probably represent the 
Tarannon shales, as they are in turn immediately overlain by 
blue flags with Monograptus priodon, &e. The May-Hill beds of 
Scandinavia seem to have been deposited for the most part in 
shallower water than the corresponding birkhill shales of Britain, 
but in deeper water than the beds of the typical Llandovery area ; they 
are therefore of great value, as presenting us with a type intermediate 
in character between our two widely different Llandovery types. 
The occurrence of a Remoplewrides in these beds at Christiania is 
noteworthy, as this genus occurs in still higher beds in Dalecarlia. 
Trinucleus Wahlenbergi is recorded by Prof. Kjerulf as occurring in 
these beds; it is possible that this may be a remanié fossil, derived 
from Cambrian beds. 

It was before suggested that certain green beds at Kinnekulle in 
Westrogothia might be the representatives of the Tarannon shales. 
In Dalecarlia there is no similar lithological band, and the Lobiferus- 
shales pass into the Retiolites-shales. ‘These passage-beds are 
undoubtedly of Tarannon age, as they contain an admixture of the 
species of the two faunas, as discovered by Dr. Tornqvist. 

IT have since found that a zone at Kuchelbad, Bohemia, yields a 
similar admixture, and occupies a position corresponding with that 
of the zone at Kallholn. 

The fauna of the Retiolites-beds of Scandinavia is quite similar to 
that of Bohemia and Britain; so that there is no doubt whatever 
about the correlation of these beds. 

Above the Retiolites-beds of Dalecarlia is the Lepteena-limestone, 
to the fauna of which I shall refer more particularly when consider- 
ing migrations. It may possibly be in part the equivalent of the 
upper part of the Brathay flags of the Lake-district, or may be still 
higher: at any rate it must be Wenlock, although it has a consider- 
able mixture of Llandovery forms. 

It is doubtful whether any beds occur at a higher horizon than 
the Retiolites-beds of Westrogothia; but I referred before to the 
possible occurrence of beds with Monograptus colonus at Kinne- 
kulle. 
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In Scania, on the other hand, there are several formations above 
the Retiolites-beds. 

The Cardiola interrupta-beds have precisely the same characters 
and fauna as the Coldwell beds of the Lake-district, and occur in 
the same relative position. 

The grey gritty beds of Bjersjolagard are probably on the horizon of 
the Coniston grits, and perhaps also of the lower portion of the 
Bannisdale slates. Dr. Tullberg correlates these and the underlying 
Cardiola-beds with the Lower Ludlow ; but they are in the position 
of, and have the same fauna as, true Wenlock beds. 

The green shales and yellow sandstones of Bjersjolagard and the 
red sandstones of Ramsasa, on the other hand, have a true Ludlow 
fauna. 

I have already stated that the highest beds of Malmo, near 
Christiania, with Pterinea retroflewa &c., are really Wenlock. 

The following table is the summary of the correlation of the 
principal beds of Scandinavia, Bohemia, and Britain, as described 
in the preceding account :— 


Table of Equivalent Strata in Scandinavia, Bohemia, and Britain. 


SCANDINAVIA. ____ Bonet. Brrrarn, 

Sandstones of Setiones.of Rameie ‘ \ 

and Bjersjolagard, ) Boe oo 
Cardiola-beds. ae 2 
Cyrtograptus- and Reti- ¢ | yy’. 1 i, t Wenlock. \ = 

olites-shales. a = 
Lobiferus-shales. ; 4 
Upper part of Brachio- (| E. e. 1 in part. | ee 

pod-beds, { 
ae of eet be D. d. 5 (Kosov Grits). | Upper Bala. 

3 » D. d. 5 (Kralay-Dvir 
ae Shales) Middle Bala. 

eyrichia-limestone. ip. a 4 

| | 
Kargirde Shales. D. d. 3. : 
Bea dean timestonet ©) Dod! 2 Dosey Bab. | 

B 

Orthoceras-limestone. ss ‘so 
Phyllograptus-shales. \ oe ah ay = 
Ceratopyge-limestone. | D.d.1 f. Tremadoe. 
Olenus-beds. fee pang Tot Lingula-fiags. | 
Paradoxides-beds. C. Meneyian. 
Fucoid Sandstone. : \ | 
Ee naattuet Ss ceca ) 


§ 4. Migrations of the Faunas. 


The migrations of the Swedish faunas may be studied in two ways: 
—first, by noticing the occurrence, in two beds of different age, of 
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forms which do not occur in the intermediate beds; secondly, by 
tracing the lateral movements of the forms of life, and discovering 
them in earlier beds in one locality than in another. ‘The first 
method is particularly applicable to beds deposited in deep water, the 
second to those deposited in water nearer the sea-margin. 

In the first place, which beds were deposited in deep water, and 
which near the sea-margin? I have previously given reasons for 
supposing that the black shales of the Cambrian and Silurian systems 
were deposited in comparatively deep water, from the evidence 
derived from the eyes of the Trilobites contained in them. Hemo- 
pleurides is usually characterized by very large eyes. In Jemtland, 
however, Dr. Linnarsson has found one in calcareous beds, but 
it has small eyes, R. microphthalmus, Linnars. (Geol. Foren. 1 
Stockh. Forh. 1879, p. 246). These black sediments are found also 
over a very large area; so that they must in some cases at least have 
been deposited several hundred miles from land. How are we to 
account for the fact that the open oceans of Cambrian and Silurian 
times received these mechanical deposits, whilst the open seas of our 
own times have deposits of ooze being formed in them ? 

On examining the list of stations of the ‘Challenger’ voyage given 
by Sir Wyville Thomson (Atlantic, vol. i. p. 93), it will be remarked 
at once that in very few places is mechanical deposit formed at a 
greater distance than 100 miles from land, nearly all the deposits 
at this distance being grey or red ooze, except volcanic deposits, such 
as may be formed by submarine volcanoes. Off Cape San Antonio, 
however, near Bahia, mud is found at considerable distances over 
100 miles from land: thus at station 127 mud occurs at a distance 
of 120 miles, at station 124 at 251 miles, and at station 120 at 
360 miles from this cape; so that there is a continuous deposit of 
mud being formed here to a distance of between three and four 
hundred miles from land. The rock along this coast is gneiss (cf. 
Darwin, Geol. Obs. p. 422); so that the great distance to which 
mud is carried here, seems to be due to the fact that this mud is 
directly derived from the decomposition of felspar of metamorphic 
vocks, and not indirectly by the denudation of other unaltered sedi- 
mentary rocks; and it is therefore in an extremely fine state of divi- 
sion. But the land which bounded the Cambrian and Silurian oceans 
must have been made up of such felspathic rocks ; for we find that 
the greater part of the Precambrian rocks had undergone extensive 
regional metamorphism before the deposition of the earliest Cambrian 
rocks, and this seems to account for the presence of fine deposits of 
mechanical origin over a very large area in Cambrian and Silurian 
times. 

In a former paper (Q. J. G. 8. Nov. 1880, p. 606) I referred to 
the occurrence of migrations in Bohemia, treated of by M Barrande 
(Déf. des Colonies, pt. iii.), as evidenced by the occurrence of deep- 
water forms in D. d. 1, d. 3, and d. 5, which do not occur in D. d. 
2andd.4. A precisely analogous case is found in Sweden. ‘The 
red shale band in the Orthoceras-limestone of Skaltungbyn (Dale- 
carlia), the grey calcareous shales of Fjecka and Kirgarde, and the 
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Trinucleus-shales, contain Twrrilepas, Trinucleus, and Remopleurides, 
whilst the first and last also contain Agnostus trinodus. 'These are 
absent, or occur very rarely in the intermediate Cystidean limestone 
and in the hard limestones. 

But the shallower-water beds are more interesting as illustrating 
migrations. 

In a paper by Dr. Hicks (Q. J. G. 8. Nov. 1875, p. 557), the 
author concludes that a Precambrian continent extended over Kurope, 
with a general inclination to the south-west, and that as this continent 
was gradually submerged, migrations of marine faunas took place 
from the south-west, where ocean areas prevailed. 

The deep-water faunas certainly bear out this view; but the 
migration of shallow-water forms seems to have taken -place along 
the coast-lines, and to have proceeded much more slowly than that 
of the deep-water forms; so that it becomes much more difficult to 
correlate shallow-water deposits by their faunas than to correlate 
those formed in deep water. This is easily accounted for, as the 
deep-water deposits were of a uniform character over large areas, so 
that animals could migrate widely, and still meet with suitable con- 
ditions, whereas the inhabitants of the shallower seas would require 
some time, and also undergo considerable change, whilst passing 
from one kind of sediment to another. 

Dr. Tornqvist (Ofv. af Kongl. V.-Akad. Forh. 1879, No. 2, p. 70) 
considers that during Cambrianand Silurian times, Sweden alternately 
underwent an invasion of shallow-water forms from Russia, and of 
deep-water forms from Britain. Dr. Hicks’s opinion of the direction 
taken by the deep-water faunas seems, however, more correct, whilst 
the direction taken by the shallow-water forms seems to have varied 
considerably, according as they were influenced by widespread move- 
ments or by more local ones. 

In later Cambrian times, the shallow-water forms seem to have 
moved along the coast-line in a general W.S.W. direction from 
Russia to Britain. The Orthoceras-limestone of Sweden, correlated 
with the Arenig, contains large Asaphi, which do not occur in Britain 
until Lower-Bala times. 

The Cystidean limestone contains Cystideans, such as Echinosphe- 
rites aurantium, and Phacopes of the subgenus Chasmops, which are 
found in somewhat earlier beds in Russia, but first occur in 
Wales in Middle-Bala beds, whilst, as I have before pointed out 
(Q. J. G. S. May 1880, p. 279), the Cystideans did not reach the 
Lake-district until Upper-Bala times. These migrations seem to 
be simply due to the remoteness of Britain from land in Arenig and 
Lower-Bala times; for there are no shallow-water forms of Arenig 
age, and very few of Lower-Bala age, in the southern parts of 
Britain. 

In the earlier Silurian times, however, a change seems to have 
taken place in the direction of migration, owing to the fact that 
widespread upheaval was accompanied by a greater local upheaval 
in Britain, so that this became a centre of dispersal in May-Hill 
times, from which shallow-water forms migrated. The coast-line 
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in fact, instead of running ina N.N.W. and E.S.E. direction, seems 
to have run more W.S.W. and E.N.E.; for we find many shallow- 
water deposits in Britain at this period, but deep ones in the central 
Swedish areas. The May-Huill fauna, as it occurs in Wales, seems 
to have spread as far as Christiania and Westrogothia (Brachiopod- 
beds) in May-Hill times, but to have been there stopped by deep- 
water from reaching Dalecarlia, where the Lobiferus-beds occur. 
Deep water prevailed also in this area during the accumulation of 
the succeeding Retiolites-beds ; but the overlying Leptana-limestone 
has a decided admixture of May-Hill forms such as Spherewochus 
angustifrons, Remopleurides, Meristella crassa, Stricklandima, 
Orthisina adscendens, Leptena quinguecostata, Macrochilus, &c. 
(cf. Térnqvist, Ofv. af Kongl. Vet.-Akad. Forh. 1879, no. 2, p. 76); 
so that one would expect to find shallow-water deposits of Retiolites- 
shale age further north than Dalecarlia, in order to allow of the 
migration into Dalecarlia of these forms. Such shallow-water de- 
posits occur in Jemtland (Linnarsson, Geol. For. i Stockh. Forh. 
1879). Mingled with the forms enumerated are others which seem 
to have come from Russia, as Jllenus Volborthi, and others, again, 
of characteristic Wenlock type, which may have migrated from the 
Gothland area. Besides these, there are several forms (such as 
Isocolus Sjogrent) which are peculiar to the bed. This explanation 
of the occurrence of May-Hill forms in the Leptzna-limestone 
obviates all the difficulties which have been raised concerning its 
age. 
§ 5. Summary. 


The classification of Prof. Sedgwick is quite applicable to the 
older paleozoic rocks of Sweden. 

The boundary at the base of the equivalents of the May-Hill beds 
is marked by three distinct kinds of events: first, there is a physical 
break, as indicated by the absence of several beds at the summit of 
the Cambrian in various localities, and by the occurrence of conglo- 
meratic beds at the base of the Silurian, resting unevenly upon the 
older deposits ; secondly, there is a paleontological break, which is 
more especially marked in the case of the deep-water beds; for 
although the various deep-water beds of Cambrian times have often 
species in common, or closely allied representative species, as have 
those of the Silurian also, there are very few common to the two 
systems ; thirdly, the trend of the coast-line in early Silurian times 
seems to have been totally different from that which existed in late 
Cambrian times, thus giving rise to a considerable difference in the 
direction of migration of the shallow-water faunas of the two 
systems. 

Is there any other break of equal importance to this one in 
Scandinavia? Several authors have drawn a boundary at the base 
of the Ceratopyge-limestone, on paleontological grounds: there is 
no physical break there ; and the value of the paleontological break 
may be estimated from the following remark of Dr. Térnqvist (Ofv. 
af K. Vet.-Akad. Forh. 1879, no, 2, p. 66) :—*“ In Scandinavia 
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the resemblance between the fauna of the Ceratopyge-limestone 
and that of the underlying beds is so great, that we have much 
difficulty in drawing a boundary between the primordial fauna and 
that which is usually styled Lower Silurian.” 


Discussion. 


Dr. Hicxs remarked upon the importance of the paper ; it would 
be a welcome addition to our knowledge of this region. ‘The position 
of the break at the base of the Silurian beds (Upper Silurian of 
Murchison), showing great and widespread movement extending 
into the Scandinavian area, was very interesting. The break does not, 
however, exist everywhere, and therefore does not denote such 
important earth-movements as took place prior to the Cambrian 
or at the close of the Paleozoic. He was glad to find that Mr. 
Marr agreed in the main with the views he had expressed about 
the physical geography of the Cambrian and Silurian periods and 
the lines of migration. 
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33. On the Groxtocey of a Part of Costa Rica. By GEorex Arrwoon, 
Esgq., F.G.8., F.C.S., Assoc. Mem. Inst. C.E., Mem. Am. Inst. | 
M.E., &. With an Apprnpix by W. H. Huptuston, Hsq., 
M.A., F.G.S., F.C.S., &. (Read May 24, 1882.) 

[Puate XIT.] 


Havine spent a portion of last winter in the mountains of Costa 
Rica, I was enabled to collect some interesting rocks, and also to 
compile a map with a section of the ground over which I travelled, 
(Pl. XII.); and I now beg to present the same to the Society. 

The starting-point of my travels was the town of Punta Arenas, 
situated on the Bay of Nicoya, Republic of Costa Rica, Central 
America. The town is built near the extreme end of a peninsula 
which reaches out into the Bay of Nicoya (fig. 1). The base of the 
peninsula is a calcareous sandstone (fig. 2), containing a large 
amount of carbonate of lime and some mica-grains. The sandstone 
is nearly horizontal; and where it has been exposed by the action 
of the sea near the coast it shows evidence of having been recently 
attacked by boring mollusca (Lithodomi). The peninsula, which is 
almost eight miles in length, and from half a mile to two miles 
in width, is covered with a dark shining sand, which varies from 
50 to 300 feet in thickness and extends over nearly its entire area. 
The sand is fine, the largest grains or crystals not ong 
J; inch in diameter, while the average diameter is about = inch. 
When examined under the microscope, it contains about 25 per cent. 
of magnetite and about 25 per cent. of quartz-grains, the remainder 
being made up of felspar and eran augite and their decompo- 
sition-products. 


Fig. 1.—Longitudinal Section of the Peninsula of Punta Arenas. 


Punta Arenas. 
i] 


a. Fine Sand. 
6. Calcareous Sandstone. 


The sand deposit appears to have originated from the material 
brought down by the overflow of the north-west bank of the Rio 
Barranca. The Rio Barranca is a swift river, whose source is in the 
hills called Cerro el Tigre, distant in a northerly direction about 
thirty-five miles, and at an elevation of over 3000 feet above the 
sea-level. There is no evidence of alate overflow; and, from the high 
bank of sand left by the original overflow, there is little probability 
of such a thing occurring again. 

The gulf of Nicoya is being rapidly filled up to the north-west of 
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the peninsula of Punta Arenas, owing to the strong south-west cur- 
rent in the Bay of Nicoya bringing all the sands from the rivers 
Rio Grande, Jesus Maria, and Rio Barranca, all of which rivers 
bring down with them the decomposed igneous rocks from the 
Costa-Rican Andes and its spurs. However, the peninsula is being 
cut away in the south by the current, as is proved by the trees 
lately overturned. 


— 


ig. 2.—Sketch Plan of the Peninsula of Punta Arenas. 


a. Fine Sand. 
6b. Consolidated Volcanic Ash. 


On crossing the Rio Barranca, and proceeding as far as the vol- 
canoes of Irazu and Turrialba (see Map, Pl. XII.), and then on 
to the old Indian settlement called Orosi, the rocks met with present 
a great similarity in their structure. The general rock of the 
district shows itself on both sides of the Rio Barranca after leaving 
the sands of the Punta-Arenas peninsula, and continues for about 
fifty miles in an easterly direction towards Cartago, the ancient 
capital of the country, although on the Aguacate range of mountains 
rocks of volcanic origin make their appearance. The same general 
rock is also found beyond Cartago, in the direction of Orosi. The 
rock is fine-grained, presenting a greenish appearance ; and wherever 
it is not weathered it is tough and difficult to quarry. It has a 
granular base, and contains crystals of triclinic felspar with augite, 
also small quantities of magnetite; specimens obtained on the moun- 
tain-range of Aguacate, near the gold- and silver-mines, show specks 
of pyrites, and may be regarded as a consolidated volcanic ash. 

The specimen collected near the Rio Barranca was more coarsely 
fragmental than those collected in the mountains further in the 
interior, and the felspars were more weathered (Appendix, No. 8, 

. 339). 
4 On the south-east side of the Rio Barranca, before the village of 
Esparto is reached, large boulders of a black rock are frequently 
seen. They were examined, but were evidently strangers to this 
particular locality. From Esparto to San Mateo the country is 
rugged and mountainous, the surface being cut up by a continuous 
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succession of ravines and gorges. The-country rock is the same as 
near the Rio Barranca; and on the mountain-slopes and in the beds 
of the streams boulders of the same black rock are found. San Mateo 
is situated about 1050 feet above the sea-level, with mountain-peaks 
onallsides. The black boulder stones were frequently examined, and 
a typical piece selected for examination (Appendix, No. 3, p. 337). 

This boulder-rock is very dark, approaching black, with a compact 
ground-mass ; it is extremely hard, and in places presents a vitreous 
appearance. It contains triclinic felspar, augite crystals, magnetite, 
and small specks of pyrites, and may be classed as a variety of the 
andesites, under the head of augite-andesite. 

From San Mateo the ground ascends rapidly as the important 
mountain-chain called Aguacate is approached. In the Aguacate 
Mountains are found the best gold- and silver-mines now known in 
Costa Rica. The mountains are a branch of the Costa-Rica Andes ; 
and they have a general north-westerly direction for twenty miles. 
Some of the peaks are over 1400 feet high. 

The principal mines now being worked belong to the Aguacate, 
Sacra Familia, and Quebrada Honda Companies; but many others 
are being tried. Although the veins are numerous, they have a 
general strike north 35° east, with an average dip of 80° to the 
north-west, and run parallel to a great extent (fig. 3). The veins 
can be traced for considerable distances. 

The Oreamunas-San Rafael-Los Castros lode (belonging to the 
Aguacate Company) has been followed for four miles in length, and 
is about 15 feet in width. The filling of the fissures which consti- 
tute the lodes consists largely of quartz, occasionally mixed with 
calcite and much argillaceous matter, evidently the result of the 
decomposition of the felspar in the adjacent rocks. 

The gold is generally disseminated in minute flaky or filiform 
particles through the veinstone; it contains a variable quantity of 
silver, and has a pale yellow to yellowish-white colour. Occasion- 
ally some flattened and rounded grains are found. The average 
fineness of the gold from the Aguacate mines, which has been 
minted at San José (the present capital of Costa Rica), according to 
the statement of Mr. W. Whitting (Director of the Mint) is 


620=62 per cent gold, 
S80=38 ,,°',, silver, 


and is what is called “ electrum.” 

The principal minerals in the vein-matter with which the gold 
and silver are more or less associated, are arsenical pyrites, iron- and 
copper-pyrites, galena, and a little zinc-blende. The arsenical pyrites 
predominates; and the silica, besides appearing as hyalite and chal- 
cedony, is sometimes found in the form of a dry crystalline powder 
resembling pulverized white sugar. The latter is most frequent in 
the small vein-feeders, or stringers, which connect with the mother 
yells. 


A large amount of gold and silver has been extracted from the 
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Aguacate mines by very crude appliances since they were first dis- 
covered in 1822; and the value may be estimated at £1,200,000. 
On the Aguacate Mountains volcanic rock-mnasses were observed on 
the hill-tops, on the sides, and in the ravines. They have a general 
north-and-south direction, as may be inferred from their strike. 
In the mine-workings, however, which have reached a depth of 400 
feet vertical, although several miles of subterranean galleries were 
explored, no evidence of any eruptive rock-masses cutting the veins 
was discovered, or of their disturbing the same. Numerous galleries 
which have been run outside the veins prove, in many cases, the 
existence of the two different rocks—the country rock {or conso- 
lidated ash) and the augite-andesite, which are often in contact 


(fig. 4). 


Fig. 5.—Direciions of Lodes in the Agquacate Mines. 


a, a’. Strike of the Oreamunos-San Rafael-Los Castros lode, N. 41° 30! E. 
b, 6'. Strike of the San Miguel lode, N. 37° EH. 
This latter rock presents a great resemblance to the black- 
looking boulder-stones found on the hill-sides near the road on the 
way from Esparta; and the result of a microscopical examination 
of rocks found near the surface in situ, and of others obtained 400 
feet below the surface in one of the Aguacate Company’s galleries 
called the San Rafael Level (Appendix, No. 4, p. 337), prove them 
to be almost identical. They have a compact base, are of a brownish- 
black colour, contain triclinic felspar, augite, magnetite, specks of 
pyrites, and also of ferrite. Petrographically they may be referred 
to the augite-andesites, and occur of irregular shape and size, occa- 


' sionally appearing upon the surface, but often hidden from view. 


They never present a wall-like mass of mineral matter filling up rents 
or fissures in the original strata. 

A sample taken of the rock about 400 feet below the surface, 
and near the point of contact with the country rock, shows slicken- 
slides in a very marked manner. 

No change of geological interest is observed until the river called 
Rio Grande is reached. In several ravines near the river deposits 
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Fig. 4.—Sketch of Augite-Andesite with Country Rock adhering to i, 
from the surface near the San Rafael tunnel in the Aquacate 
Mountains. 


of coal have been discovered. The coal is in three conditions :—one, 
in which the coal is compact, and in which there is little trace of 
vegetable structure; another, in which the plants are partially 
carbonized ; and a third, which shows the structure of plants (pro- 
bably dicotyledonous). ‘The coals may be called lignites; they are 
highly pyritized, and contain in many places beautiful white crys- 
tals of melanterite, also pieces of jet. 

Near the coal, and often adhering to it, are found bands of horn- 
stone or chert, of a yellowish-brown colour. 

The coal-deposits have not been explored thoroughly, and but 
little is known at the present time about their extent. From a 
knowledge of the contour of the country and of the surrounding 
rocks, I consider it probable that the coal-deposits extend over a 
limited area only, 

We now come to a series of ancient lakes, now valleys, whose 
waters have been tapped by the Rio Grande, on the Pacific slope, 
and by the Rio Reventazon on the Atlantic slope (fig. 5). The old 
water-lines on the mountain-sides, and on the hills, once smail islands, 
in the valleys of Alajuela, San José, and Cartago, are very marked 
and distinct. 

The country rock is the same as above, and continues to within a 
few miles of Cartago. Augite-andesite boulders are found on both 
sides of the dividing ridge; and in the valleys of San José and 
Cartago boulders of trachytice rocks are met with. 

Large deposits of a fine-grained soft stone are found collected in 
some of the ravines near San José and Cartago, having a general 
white ground, but tinged with yellow, red, and magenta, in fantastic 
forms. This was found to be a silicate of alumina highly im- 
pregnated with iron oxides; in places the stones are kaolinized, 
and resemble lithomarge. 

Near this latter rock are found, more or less connected with it, 
masses of hard white porcelain-clay, resembling kaolin, or even 
lithomarge. 
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A few miles to the west of 
Cartago, and near the base of the 
volcano Irazu, the usual country 
rock is hidden from view, and 
replaced by a _ greyish - looking 
rock, which is coarsely crystalline 
and rough, and unpleasant to 
handle, and in which the felspathic 
crystals predominate (No. 5 in 
the Appendix, p. 338, is a variety 
of this rock). 

The felspars are chiefly oligo- 
clase; and both grains and crystals 
of quartz were observed, also a 
little sanidine, augite, magnetite, 
and some iron oxides. The rock 
is a trachyte, and most probably 
a quartz-trachyte. It is known 
in the country as the “Cartago 
Stone,” owing to many of the 
churches and public buildings 
being constructed of it. 

In the several ravines to the 
south-east of the volcanoes Irazu 
and Turrialba, deposits of sand- 
stone are found, containing slight 
traces of decomposed felspar. 

In ravines and on the moun- 
tain-slopes of the volcanoes Irazu 
and Turrialba a trachytic rock is 
frequently found much finer-grain- 
ed than the ‘‘ Cartago” rock, but 
containing less quartz than the 
coarser crystalline variety. It is 
probably a quartz-trachyte. 

Amongst the large boulders of 
trachytic rock which le scattered 
on the hill and slopes above the 
town of Cartago numerous volcanic 
nodules were observed, very close- 
grained, and of greyish colour, 
with specks of visible augite. 
Mr. Hudleston describes it as a fel- 
spathic tuff, largely made up of 
soda felspars (Appendix, No. 7, 
p. 339). Several nodules were 
observed about 44 feet in diameter. 
They are evidently ejectamenta 
from either Irazu or Turrialba. 
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Near Paradise Valley and close to Orosi the country rock is a 
consolidated ash, in which augite-andesite rocks make their appear- 
ance through the crust. Dark-coloured boulders are also found in 
the river-beds and in the valleys. The augite-andesite rock (Ap- 
pendix, No. 1, p. 336) presents the same characteristics as those 
found near San Mateo and on the Aguacate Mountains. 

In the Valley of Orosi and close to the village there is a small 
stream called Rio Agua Caliente (hot-water river); and in many 
places small natural springs were seen, out of which flowed a steady 
stream of hot water. The temperature of the water was taken, and 
found to be between 124 and 125 degrees Fahr. The waters are 
sulphurous, and contain a considerable amount of chloride of sodium, 
with soda and magnesia carbonates, iron oxides, &c.; they emitted 
sulphuretted hydrogen and carbonic acid gases, but not to a great 
extent. The springs have a great resemblance to the hot springs 
found to the north-west of the city of Salt Lake, Utah, situated 
near the base of the Wahsatch range of mountains, as well as to 
several other springs in the neighbourhood. 

About 12 miles to the north-west of the volcanoes Irazu and 
Turrialba, at a place called La Palma, some rocks were collected. 
Mr. Hudleston’s description of them (Appendix, No. 2, p. 837) agrees 
with my examination; and I have called them augite-andesites. 

The volcanoes of Irazu and Turrialba present many features of 
great interest. Irazu is passive, although sulphur vapours are now 
and then noticeable. It has been quiet since 1841; and immedi- 
ately after its becoming so a fearful earthquake was experienced, 
which nearly destroyed the (then) capital of the Republic, Cartago. 
I append to this a copy of a photograph (fig. 6), showing a portion 
of the crater, and giving at the same time a general idea of the gas- 
vents (blow-holes) and of the volcanic ash and scoriz found. The 
height of Irazu has been variously estimated. Prof. W: M. Gabb 
places it at 11,856 feet above sea-level, while Prof. von Seebach, 
Dr. Don Alejandro yon Frantzius, and others make it 11,500 feet 
above sea-level*. 

The volcano Turrialba is still active; but its activity consists 
chiefly in sending out clouds of vapour with a little ash. During 
my visit it appeared to me that the volcano was gradually be- 
coming passive and was following the example of Irazu. I ex- 
perienced numerous but at the same time slight earthquake-shocks 
at San José and some other places; and since my departure from 
the country very heavy shocks have taken place. From what 
observations I was able to make, it appeared most likely that the 
vents of the crater of Turrialba were becoming choked up, and 
that the consequences would probably be either a fresh and violent 
eruption of lava or severe and heavy earthquakes. ; 


* See W. M. Gabb, “ Notes on Costa Rica Geology,” Amer. Journ. ser. 3, 
vol. ix. p. 198, &c.; also Lang, ‘‘ Vulcanische Asche vom Turrialba (Costa Rica),” 
Nachrichten k. Gesell. Wissen. und Universitat zu Gottingen, 1875, pp. 897- 
411; also Seebach, a paper in Petermann’s Mittheilungen, 1865, p. 321. 
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Fig. 6.— View of a Part of the Crater of the Volcano Irazu, showing 
Volcanic ash, Scorie, &§c., and Gas-vents. From a photograph 
taken in the direction of the Atlantic. 


of opinion have existed in regard to its height; but the maximum 
difference is only 150 feet. From my observations Turrialbais about 
from 60 to 100 feet higher than Irazu. 


Oonclusions. 


The conclusions at which I have arrived from a personal survey and 
examination of the country which I have just described, and also 
from the analyses and microscopical examinations made by Mr. W. 
H. Hudleston and myself are as follows :— 

1st. The country rock, or the general representative rock of the 
country, is a consolidated volcanic ash associated with augite- 
andesite. 

2nd. The filling of the fissures, now mineral Jodes, in the Agua- 
cate Mountains took place in the Tertiary age, and most probably 
in the Pliocene. 

3rd. The augite-andesites of the Aguacate Mountains are pro- 
bably contemporaneous with, and have thus contributed largely to 
the mineral deposition and formation of the metalliferous lodes. 
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The veinstone being found more or less mixed up with the decom- 
posed rock, appears to indicate that their ages may be identical. 

4th. The quartz-trachytes and sandstone are recent, and most 
certainly Post-tertiary. 


APPENDIX. 


Report on some Rock sPEciMENs collected by Mr. Goren Attwood. 
By W. H. Huptzston, Esq., F.G.S8., F.C.S., &e. 


Srx specimens were carefully examined. Five of these are igneous 
rocks, having all the appearance of lavas ; and although considerable 
differences exist between some of them, yet four out of the five, 
and perhaps all five, must come within the category of augite-ande- 
sites. The hand-specimens show a dark compact base with numerous 
erystals of felspars, usually small. Thus the general structure, 
viewed macroscopically, is micro-porphyritic. In most cases the 
felspars are inclined to be vitreous; but in one instance, where the 
crystals are rather larger, they are of a dull white. 

The character of the ground-mass in thin section is seen to range 
from a trachydolerite, where there is a considerable development 
of microcrystalline matter, consisting for the most part of acicular 
prisms of triclinic felspar, toa rock in which the felsitic texture is 
in the ascendant and the tendency to doleritic texture is reduced 
to a minimum. 

Generally speaking, the felspars are fresh, and polarize with con- 
siderable brilliancy. They are mostly triclinic, though not without 
orthoclase (sanidine) in some cases. Without analysis it is impos- 
sible to state positively what the triclinic felspars may be, though 
probably oligoclase is the most abundant. Judging from the analogy 
of similar rocks, andesine is also present; but the more basic vari- 
eties of felspar are probably rare or absent. 

There is a fair amount of very fresh augite, in crystals wien 
are smaller than those of the felspars and ‘Jess numerous. Asso- 
ciated with these augite crystals, and sometimes independant of 
them, occurs a fair amount of magnetite or pyrite, which in some 
cases has undergone partial oxidation. The accessory minerals are 
by no means plentiful, though one may note a stray needle of apatite 
here and there. If any olivine exists, it must be in very small 
quantity; but some of the augite crystals are so rounded at the 
edges that they might perhaps be taken for grains of olivine. 

The specific gravity ranges from about 2°55 to 2°80, being on the 
whole rather low for rocks with some augite and so much triclinic 
felspar in addition to a fair proportion of iron minerals, This cir- 
cumstance is an additional point in favour of the notion that in 
most cases the bulk of the felspar is oligoclase. Furthermore the 
microscopic examination would lead one to believe that the specimens 
for the most part belong to a class of rocks intermediate between 
the dolerites and the acidic trachytes. 

No.1. “Jn situ, Paradise Valley.” Specific gravity 2°76. Black 
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compact matrix, full of small crystals of glittering felspars porphyri- 
tically distributed. This rock has undergone but little alteration. 

In thin section the ground-mass appears black with a greenish 
grey tinge. It is opaque and granular, but relieved by a moderate 
display of small triclinic felspars. On the whole, however, the felsitic 
texture prevails over the doleritic or microcrystalline. 

The large felspar crystals are numerous and clean at the edges, 
contrasting well with the ground-mass. They are probably all tri- 
clinic, and polarize with great brilliancy. Some are tolerably free 
from inclusions; others contain quantities of the base, which fre- 
quently occur in fantastic arrangements. 

The augite crystals are not numerous, or large, but are well de- 
fined, and, like the felspars, polarize very effectively. There are several 
specks and triangular pieces, which present the same optical proper- 
ties and probably belong to the same species. The iron mineral is 
mostly magnetite, but is far from being plentiful. 

No. 2. “Jn situ, La Palma, N.W. of Turrialba.” Specific gravity 
2°82. A somewhat scanty grey matrix full of crystals of a white 
felspar larger than in the last specimen, less vitreous, and rather 
prone to kaolinize. The augite crystals, associated with some iron 
mineral, are quite obvious in the hand-specimen, which is less com- 
pact and more porphyritic than No. 1. 

In thin sections the ground-mass is seen to be grey, opaque and 
woolly; so that in this case the felsitic texture predominates, to the 
almost entire exclusion of the doleritic or microcrystalline, not- 
withstanding the fact that this is the most dense of all the specimens. 

The large felspars are not so clean-cut as in No. 1, and are 
more contaminated with included portions of the ground-mass, 
which, in one or two cases, are yet in the condition of glass towards 
the centre of the inclusions. Still the felspars polarize with much 
brilliancy and, with one exception, are all markedly triclinic. An- 
desine may constitute a considerable portion of them. With great 
care it might be possible to obtain a sufficiency for an analysis. 

The crystals of augite are fairly numerous, smaller as a rule 
than the felspars, with a tendency to be grouped in bunches, in 
which case they are much intermingled with aniron mineral. Some 
very characteristic forms occur, such as it is impossible to mistake. 
Pale yellow to greenish yellow in ordinary light, all these augites 
polarize very effectively, in which case the numerous inclusions of the 
same mineral are very conspicuous. When the angles are rounded, 
such crystals become oval or almost circular in section, The iron 
mineral, presumably magnetite, in some cases evinces a tendency 
towards the formation of limonite at the edges; and this rust-coloured 
stain is communicated to some of the crystals of felspar and augite. 
There are appearances also of pyrites in a limited portion of the 
polished surface from which the slice has been cut. 

No. 3. “San Mateo Boulders.” Not examined closely. Near to 
No. 1, but with a more felsitic ground-mass. 

No. 4. ‘* Black Rock, Lower San Rafael Level.” Specific gravity 
2°72. A very compact rock, brownish-black, lustreless, and but 


338 W. H. HUDLESTON ON SOME 


slightly conchoidal in fracture. Largely charged with small crystals 
of pyrite, chiefly in cakes. Contains crystals of a somewhat vi- 
treous felspar in moderate amount, together with some augite. 
Structure microporphyritic. 

In thin sections the general mass appears of a brownish black 
colour, very opaque and granular, but relieved by numerous small 
prisms of triclinic felspars, more than in any of the other specimens. 
In this case the granular or felsitic texture and the microcrystalline 
or doleritic texture occur in almost equal amount. It would seem 
therefore to be a well-balanced trachydolerite. 

This being less porphyritic than the two previous specimens, the 
large felspars are not so numerous, and are, on the whole, in worse 
condition. ‘The inclusions of ground-mass in the crystalline matter 
are less well contrasted ; and in some cases a certain amount of 
granulation has supervened. Still the crystals polarize fairly well, 
though the triclinic character is not so strongly marked, and there 
are appearances which would lead one to suspect interlamination 
or mixing of orthoclase. A crystal or two of sanidine may be noted. 

The augites are mostly small, and not very numerous. SBesides 
one or two characteristic forms, frequently much rounded at the 
angles, there is one large triangular piece with well-defined edges 
which evidently belongs to this variety of pyroxene. Pyrite and, 
perhaps, magnetite occur sporadically in small crystalline forms ; 
and, besides this, the opacity of the base is much increased by nu- 
merous small dots of ferrite, which may include both the previously 
mentioned species. 

No. 5. ‘‘Cartago Rock.” Specific gravity 2:54? <A trachytic 
rock; matrix close, and of a grey colour, rather prone to fracture, 
and studded with felspars, mostly glassy and brittle. The specimen 
examined was very full of air, owing to cracks and to the cavities 
resulting from the fractured crystals of felspar. 

In thin section the ground-mass appears greyish; it is highly fel- 
sitic in texture, there being but little trace of microcrystalline 
matter. Hence this specimen scarcely comes within the group of 
trachydolerites, but approaches the acidic trachytes more than any 
of these lavas. The ground-mass occupies a large proportion of the 
slice. 

Most of the felspars, even in this specimen, are triclinic, and are 
probably mainly oligoclase, but with some which I take to be sani- 
dine. The inclusions are small and mostly granulated, like the base, 
but occasionally in a state of glass. As a whole they are in good 
condition, and polarize with great brilliancy. Many of the felspars 
break out on grinding, so that it has not been ie) to select a slice 
sufficiently free from flaws. 

The augites are fairly numerous; one long ar dentae crystal is 
more dichroic than the rest, and may be slightly altered. Several 
of the crystals, as usual, have their angles much rounded, present- 
ing in one or two instances a pyriform shape. The majority are 
fresh, and polarize well. The iron mineral is mostly magnetite, 
often in well-defined octahedra, but in some cases having a tendency 
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to further oxidation at the edges. The smaller ferrites are not 
numerous. 

There is an anomaly in connexion with this specimen which, un- 
less due to faulty observation, one cannot well explain. A rock 
with a fair amount of triclinic felspar, presumably oligoclase, and 
some augite might be expected to have a higher specific gravity 
than 2°54. Even the lightest sanidine-oligoclase-trachytes are stated 
by Von Cotta to have a specific gravity of 2°6. It is just possible 
that the specimen contains cavities not accessible to water under 
ordinary pressure. 

No. 6. “ Los Castros rock, Aguacate Mountains.” Specific gravity 
2:78. An extremely close-grained rock of a dark-green colour and 
subconchoidal fracture, with only a moderate quantity of felspar crys- 
tals porphyritically distributed. Pyrites in small crystals, not scarce. 

In thin sections the ground-mass appears of a greenish-grey colour, 
and is woolly and thoroughly dusted with small round ferrites, 
opaque, and little relieved by microcrystalline matter. Hence the 
texture is felsitic rather than doleritic. 

The felspars are probably all triclinic. Though perfect in outline, 
they are so much suffused and granulated as to suggest the idea of 
partial decomposition; consequently their optical properties are 
feeble, and they stand out less distinctly from the base. 

The augites polarize with great brilliancy, and are very charac- 
teristic. ‘The iron minerals, probably both magnetite and pyrite, 
seem much mixed up with the augite crystals. 

The augites constitute the principal feature in this rock, whose 
ground-mass is obviously more tinged with green in the vicinity of 
these groups of crystals than elsewhere. If the idea of greenstone 
were not so much associated with hornblende, of which I cannot in 
this specimen find a trace, one might almost call such a rock a 
‘“‘ preenstone-andesite.” In some respects it reminds me forcibly of 
certain “‘ felsi-dolerites ” occurring in the English lake-district. 

No. 7. “Volcanic nodule, Turrialba.” The specific gravity of 
this specimen is low. It is a light-grey fragmental rock, tolerably 
close in texture, and in the hand-specimen shows a somewhat gritty 
matrix with black specks. Tolerably opaque in thin sections, but 
slightly seamed with translucent cracks. ‘The few crystalline frag- 
ments are much decomposed, and muddled with a brownish ferrite ; 
specks of augite may be noticed. 

The rock is doubtless pyroclastic ; and if we may judge from the 
lavas previously described, it is a felspathic tuff largely made up of 
soda felspars. 

No. 8. ‘‘ Near Rio Barranca.” Not examined closely. More 
coarsely fragmental than the last. Largely made up of soda felspars 
much kaolinized. 


EXPLANATION OF PLATE XII. 


Geological Map and Section from Punta Arenas, on the Bay of Nicoya, to 
the Volcanoes Irazu and Turrialba, Costa Rica. 
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Discussion. 


Mr. BavEerman expressed his sense of the value of a section 
made in a little-known country. It was an interesting question, 
looking at the comparatively modern date of the igneous rock de- 
scribed and the absence of schistose rock, whether the seas had 
previously communicated. As for the condition of the transformed 
masses of rock containing minerals, he was glad to find Mr. Attwood 
had observed it; for he had noticed the same thing in Spain and 
North America, and thought that it had been too often overlooked 
in the search for lodes. 

Mr. Wartneton Smytu said he should like to ask Mr. Attwood 
on what grounds he stated that there were no more ancient rocks 
than those which he had seen. Had not vegetation possibly masked 
them, and might not there be granitic rocks to furnish the kaolin? 
Was the coal merely carbonized stems or a true lignite? Was the 
entire run of the veins metalliferous ? 

Mr. Arrwoop said that he had not himself seen any other case of 
metalliferous rock like those which he had described. Very likely 
the oceans had once communicated. He saw no signs of granite in 
the country. As for the vein-matter in the lodes, he thought that 
the augite-andesite and the fissures in which these lodes occurred 
were of about thesame age. The coal was only limited in area, but 
varied from partly carbonized matter to true lignite. The sandstones, 
like the coal, were only found in the ravines near the volcanoes, 
and were of small area. 


Quart Journ. Geol. Soe. Vol. XXXVI. PL. XII. 
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34. THamniscus: Permian, Carboniferous, and Silurvan. By 
Grorer W. Survussore, Esq., F.G.S. (Read April 26, 1882.) 


Tue genus Thamniscus was founded in 1849 by Prof. King for a 
Polyzoan of large size found in the Permian beds of the north of 
England. ‘The main interest of the genus consisted in Prof. King 
claiming for the type species the possession of certain “ denticles,” 
‘“‘ vesicles,” and “‘ hemispherical bodies ” similar to those observed in 
‘certain Lunulites and Cellaria salicornia”*. Prof. King further 
institutes comparisons between these peculiarities in his genus and 
some of the recent forms of Polyzoa formerly included among . 
Elasmopora, Escharina, and Celleporay. It is needless to say that | 

these features at once assign the genus to the order of Chilosto- 
matous Polyzoa; and as such it is entitled to rank as the most 
pronounced type of its class found among the Paleozoic Polyzoa. 
How far these characters can be sustained will be the subject of 
after inquiry. The next reference to the genus that I find is in 
1874, when Mr. R. Etheridge, Jun., described, as found in some 
Scottish Carboniferous Limestone shale, a fragment of a Polyzoan 
which he thought might be a new species of Polypora, at the same 
time remarking that the disposition of the cells and the mode of 
branching were exceedingly like those seen in the type species of 
Thamnscus (T'. dubsus, King), and suggesting that it might be a 
species of that genust. 

In 1875 the Messrs. Young, of Glasgow, described (under the 
name of Thamniscus Rankint) a free, robust, branching Polyzoan 
which they had received from Dr. Rankin of Carluke, and which 
is probably identical with the species referred to by Mr. R. Etheridge, 
Jun. At the same time they remark that the generic position of 
the fossil is uncertain ; andif the ‘‘ gemmuliferous vesicles” described 
by Prof. King are essential to Thamniscus, this character is wanting 
in their species, even in the best-preserved specimens§. After 
further discussing its position they conclude by saying, “ we think 
it safer to leave it in the Palzozoic genus Thamniscus.”’ There is 
very little doubt about the correctness of this reference, since it is an 
undoubted Thamniscus. 

As yet I have no record or trace of Thamniscus being found in 
the Devonian rocks, and therefore pass on to the Silurian species. 

T have long been familiar with fragments of a Polyzoan in the 
Dudley Limestone which bear a general resemblance to the Permian 
Thamniscus ; but the fragmentary condition of the remains forbade 
description. Recently I have found in the Woodwardian Museum, 
labelled by Salter Certopora, a fine specimen of the same, in 
which the growth, habit, and cell-pore are sufficiently displayed to 


* Perm. Foss. England, p. 45. t Ibid. p. 46. 
{ Mem. Geol. Surv. Scotland, Explan. Sh. 23, p. 102. 
§ Ann. & Mag, Nat. Hist. 1875, vol. xv. p. 336. 
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admit of specific description, and a determination of its affinities, 
which in outline are clearly with the Thamniscide. 

This Silurian Polyzoan has had a somewhat chequered paleonto- 
logical history. It was known to Lonsdale as Hornera crassa; in 
‘Siluria ’ it is referred to Polypora; Salter in his‘ Catalogue’ refers 
to it as a doubtful Certopora ; in the Woodwardian Museum it is 
labelled Certopora; by other authorities it is regarded as a 
Polypora. 

In determining its true affinities it will be sufficient to state that, 
as only one half of the surface is poriferous, it clearly does not belong 
to the Cerioporide, which are poriferous on all sides. The absence of 
dissepiments, which are a distinguishing mark of Polypora, further 
excludes it. Its relation to Hornera is the more feasible on account 
of a certain amount of outward resemblance, but equally fallacious, 
since the cell-arrangements of Hornera are widely distinct. 

There remains, then, the Permian Z'’hamniscus with which to com- 
pare it. With this genus, in habit, growth, and cell-arrangement, 
there is a very close agreement, with the one exception of its wanting 
the peculiar adjuncts to the cell which relegate the Permian species 
to the Chilostomata, the Silurian form being clearly Cyclostoma- 
tous. In this respect it agrees with the Carboniferous species of 
Thammscus described by Messrs. Etheridge and Young. At this 
point an interesting inquiry arises as to the generic identity of these 
three species ; and also does the later, Permian species, to take an 
extreme view, owe its peculiarities in any way to further develop- 
ment? ‘To set these questions at rest, I decided upon investigating 
the claim of the Permian species to the possession of these exceptional 
characters; for it must be confessed that they are so anomalous, and 
among the Paleozoic Polyzoa so unique, that it is highly important 
that there should be no doubt upon the point. In elucidating the 
question as to the existence or otherwise of these cell-adjuncts, the 
resources of the Newcastle Museum haye been placed at my disposal. 
To Mr. Howse of Newcastle I am especially indebted for much as- 
sistance. 

The result of a careful microscopic examination of the poriferous 
face of several specimens of 7'anmiscus is, that I find no confirma- 
tion of Prof. King’s claim for his species of having affinity with recent 
forms and possessing appendages homologous with theirs. I refer 
now more especially to the secondary cell-pore. On the contrary, I 
find, as to cell-character, a perfect agreement between Permian, Car- 
boniferous, and Silurian species. I do notice, however, on the cell- 
face of Thamniscus dubius, a feature not recorded by King, and one 
which is very common in the Paleozoic Polyzoa—a strong defensive 
spine which is hollow at the base; it occurs here and there in an 
irregular line between the cells; more often than not it is worn 
| down, showing the hollow centre and projecting circular walls. I 
_ have little doubt that the “ hollow cavities ” and the secondary cells 
of King are nothing else than the hollow centres of these spines. 
Spines, when worn away, which is more often the case than other- 
wise, have often been mistaken, in the Paleozoic Polyzoa, for minute 
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cells and “gemmuliferous vesicles.’ The supposed occurrence of 
these secondary cells, as shown by King*, in a single irregular line 
along, and not extending across, the face of the branch, is in perfect 
agreement with the mode of occurrence of the spines I have indi- 
cated. 

Again, as to the “ denticle-like process ” f said to be possessed by 
Thamniscus dubius ; I can only trace this to the unequal wearing- 
down of the cell-mouth, which may often be seen on the protected 
side of the branch, prominent and circular; this is seen to weather 
unequally, and the more prominent portion remaining becomes the 
denticular process. The perfect cell-aperture is circular and well 


defined ; the denticular process is therefore an accident, and not a — 


natural occurrence. 

These details are necessary to justify the course which I intend 
to take; for with the discovery of Carboniferous and Silurian Tham- 
niscide, it is obvious that if King’s diagnosis of the genus is correct, 
then a new genus would be necessary to receive them. Happily it 
has been shown that this addition is not needful. Take away the 
supposed cell-adjuncts and the denticulate aperture, for which I find 
no warrant, from the Permian species, and the whole of the series 
are in perfect accord. 

Thanmiscus dubius is very fully described and figured by King. 
As to the drawings of it, I can only admit fig. 9 as typical of the pori- 
ferous branch, the rest are misleading. Fig. 10, intended for Tham- 
niscus, really represents the basal branches of Synocladia virgulacea ; 
these differ very materially in appearance from the upper and the 
more characteristic portion of the zoarium. The difference is due 
to a thickening and solidifying of the branches which is needful to 
carry the large expansion of Synocladia. In the future reading of 
the genus Zhammniscus it will be necessary to omit the reference to 
“ semmuliferous vesicles,” retaining as its distinctive character fre- 
quent and regular bifurcation of the branches. 

As King’s generic description is faulty as well, it will be neces- 
sary to redefine the genus, and also to give a new description of the 
Permian species. 


THamniscus, King. 
Branches free, round, frequently and regularly bifurcating; more 


or less on one plane. Zocecia on one side. Cells immersed, round, 
arranged in oblique lines. 


THAMNISCUS DUBIUS, King. 


Sp. char. Zoarium a flattened expansion. Branches free, thick, 
round, somewhat flattened, frequently dividing. Zocecia on one side 
of the branch, immersed ; apertures circular ; peristomes prominent, 
about their own diameter apart, arranged in regular lines, both 
longitudinal and oblique, a slight wavy line between the longitu- 
dinalrows. Keverse finely striate. Remains of spiniferous processes 

* Perm. Foss. England, pl. v. fig. 11 0. 
t Ibid. pl. v. fig. 12. 
2a 2 
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here and there. Six cells in one line longitudinally, from three to 
six cells on the width of a branch. 

The habit of growth in Thamniscus is characterized by the branches 
being free and regularly divided. This readily distinguishes it 
from any associated Polyzoan. It scarcely merits the variable cha- 
racter which Prof. King gives to it when he speaks of “ almost every 
specimen offering a modified aspect”*. Much of this confusion may 
be due to the obscurity invariably present in the Permian Polyzoa, 
owing to the incrustation of calcic carbonate which often hides their 
true features. Owing partly to this cause, I notice that a fragment 
showing irregular branching and anastomosis of the branch is in- 
dicated as an instance of Thamniscus simulating the character of 
Synocladiat. The drawing in question is clearly that of Synocladia 
and not Thamniscust. This dichotomization of 7hamniscus is a well- 
marked and distinguishing feature, and forms a good generic distinc- 
tion ; and hence, in redescribing the genus, I have characterized the 
branches as regularly instead of ‘irregularly bifurcating.” 


Thamniscus crassus, from the Wenlock Limestone near Dudley. 
(From drawings by Rochfort Connor, Esq., from a specimen in 
my cabinet.) 


PASS 


A. Natural size. B. A portion of the same, showing the cells and position of 
the spiny processes, enlarged 25 diameters. 


The Upper Silurian species from the Dudley Limestone I propose 
to describe as 


THAMNISCUS CRASSUS. 
? Hornera crassa, Lonsd. Sil. Syst. p. 677, pl. 15. figs. 13, 18 a. 
? Polypora crassa, Siluria, p. 215, Foss. 35 (i.). 
Ceriopora, Salter, Cat. Cambr. Foss. p. 100. 
Hornera crassa, Vine, Quart. Journ. Geol. Soc. vol. xxxviii. p. 60. 


* Perm. Foss. England, p, 45. t Ibid. 
{ Ibid. pl. 5, fig. 10. 
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Sp. char. Zoarium a flattened expansion. Branches round, some- 
what flattened, regularly dichotomizing at intervals of two or three 
lines. Diameter of branch 5), to 3, of aninch. Reverse striated 
longitudinally. Zocecia long and cylindrical, tapering towards the 
mouth, raised margins more than their own diameter apart when 
not eroded ; spirally arranged one side of the branch, three or four 
cells across, and five or six in oblique lines. Spines on the inter- 
spaces between the cells. 

Locality. Wenlock Limestone, near Dudley. 

Large specimens somewhat rare, small fragments more common. 

Obs. The specimen of Thamniscus in the Woodwardian Museum, 
while it is the largest and best-preserved fragment that I have 
seen, bears evidence of having suffered from lateral crushing and 
breakage, which interferes somewhat with the characteristic display 
of its growth. The seeming coalescence of the branches is the re- 
sult of this lateral pressure. 

It is often seen in this class of organisms that the best-preserved 
portion of the structure is near the base. This is the case here. On the 
basal branches will beseen the remainsof large spines half the diameter 
of the cellsinsize. The cell-openings, it will be observed, are circular, 
with considerable interspaces between them ; comparing these with 
other and more eroded parts of the branch, it will be seen that in the 
latter the interspaces have decreased, and will, with further erosion, 
altogether disappear, leaving the cells with only the division-walls 
between them. The explanation is that while the cells of Thamniscus 
are cylindrical, they are also tapering, the base of the cell being the 
wider part, and twice the diameter of the aperture. The cell-aperture | 
was an important as well as a peculiar feature. All thatis now to be 
seen of it are the remains of the cell-walls, which appear springing 
from the body of the cell. It might be compared, as far as the outline 
of the aperture is concerned, with a somewhat eroded cell of Glauco- 
nome stellipora, Young. As to the existence of denticles there is no 
evidence forthcoming. 

I may here notice, as showing the agreement between the Car- 
boniferous and Silurian Thammnisci, that the Messrs. Young, when 
describing the former, speak of the cell-aperture as tuberculate ; 
this quite describes the appearance of the Silurian species in parts 
where not eroded. Indeed the cell-neck might be said to be built 
up of a series of pillars, arranged in a circle, judging from their 
present tuberculate appearance. 

Fragments of this Polyzoan are not uncommon in exposures of 
Dudley Limestone; and Mr. Vine informs me that he has found 
it in the Wenlock shale, with characters identical with those above 
described. From the robust character of the fragments it may be 
inferred that it attained considerable size; its expansion was pro- 
bably fan-shaped, although the fragments I have seen would not be 
inconsistent with an open cup-shaped zoarium. It may readily be 
distinguished by its branches of equal width, regularly dichotomizing 
and not anastomosing. It closely resembles a Polypora without the 
connecting bars; indeed it might be so described, Most of the 
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Paleozoic Polyzoa, when seen under favourable circumstances, are 
found to haye been protected by spines either long or short. In 
this respect Thamniscus crassus is no exception; for notwithstanding 
the natural and often artificial weathering to which the Dudley fossils 
are subject, there are still to be seen little irregularities on the surface, 
which when seen in profile leave no doubt as to their being the re- 
mains of spines; this is confirmed by the observations of Mr. Vine, 
who has noticed the base of spiniferous processes in fragments from 
the Wenlock shale*. 

As yet we know of only the three species of Thamniscus which I 
have referred to as occurring severally in the Silurian, Carboniferous, 
and Permian periods. We have least knowledge of the Carboniferous 
species, for the reason that as yet it has only been found in fragments. 
The Silurian species is probably the more compact in growth, and 
the Carboniferous and Permian the more vigorous; the last is more 
outspread in its bifurcation. As yet I know of no older form than 
the Dudley species. 

I have to acknowledge my indebtedness to Prof. T. M‘Kenny 
Hughes, for giving me facilities for studying the Polyzoa of the 
Woodwardian Museum. 


* Quart. Journ. Geol. Soe. vol. xxxviii. p. 60. 
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35. On the OccURRENCE of a NEW Sprcres of PuyLuorora in the 
Permian Limustons. By Grorer W. Survssore, Esq., F.G.S, 
(Read April 26, 1882.) 


Amone some Permian Polyzoa which Mr. Howse, of Newcastle, 
entrusted to me for examination was one labelled “ Fenestella 
vamosa.” This I at once saw was not a Lenestella, but a Phyllo- 
pora, King, a new and, as yet, undescribed species. 

The genus Phyllopora was rightly founded by King * to receive 
the Permian and Silurian species of Polyzoa which, prior to that 
time, had been referred to Retepora. In accordance with this view 
Mr. Vine has recently shown that among the ancient Polyzoa, so 
far as at present ascertained, we have none of the peculiarities of 
cell-growth which are characteristic of the recent Reteporet; in 
short, that we have no Retepores among the Paleozoic Polyzoa. All 
such so-called Retepores should be now assigned to Phyllopora, 
King. The genus Phyllopora has as yet been but imperfectly 
worked ; its rarity in the more recent and its imperfect preservation 
in the older rocks go far to account for this. It is of interest as one 
of the earliest of our Paleozoic Polyzoa. 


Phyllopora multipora, from the Permian Limestone near Sunderland, 
(From a drawing by Rochfort Connor, Hsq., from a specimen 
in the Newcastle Museum of Natural History.) 


A portion of the zoarium, showing the arrangement of the cells, 
enlarged 25 diameters. 


* Permian Foss. England, p. 40. 
t Brit. Assoc. Rep. on Fossil Polyzoa, p. 3, 
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PHYLLOPORA MULTIPORA, sp. Noy. 


Spec. char. Zoarium an open network of anastomosing branches ; 
base solid, forming an infundibuliform or folded expansion ; branches 
regular, flattened, dichotomous, anastomosing ; on poriferous face a 
wavy ridge between the longitudinal lines of cells; reverse face 
smooth; fenestree ovate, with pointed ends, 13 line in length; 
zocecia immersed, small, prominent, and projected when not worn 
down, twice their diameter apart, arranged in longitudinal lines 
having an oblique direction. Six or seven cells in one line longitu- 
dinally, and four or five in one line transversely. 

Loc. Ina Permian Limestone quarry, Hylton Castle, near Sun- 
derland. 

‘Obs. The present species may be readily distinguished from the 
other Permian Polyzoa by the minuteness of its cells. Hence, in a 
given space, Phyllopora multipora will be found by comparison with 
all other species to have double the number of cells. From allied 
forms it may be known by the ovate fenestra. 

There are probably two distinct species, or types of species, of 
Phyllopora, ranging from the Lower Silurian to the Permian era. 
The type of each species is most distinct and persistent. The 
zoarium of the one may best be described as solid and massive, 
having circular apertures or fenestree, in which the branch is lost 
in the solidity of the zoarium. In the other type the zoarium is 
a network in which the branch is seen to interlace and coalesce, 
ceiving rise to fenestrae either square, ovate, or lozenge-shaped, 
more frequently the latter. In both types there is an absence of 
dissepiments, and the whole of the poriferous face is crowded with 
the characteristic small cell-apertures. 

Notwithstanding the little work that has been done in connexion 
with Phyllopora, there is yet evidence forthcoming of the existence 
of the types I have mentioned. In the Lower Silurian rocks Phyl- 
lopora is most abundant. ‘There are at least two distinct species, 
if not more. The preservation of the remains in these beds is most 
unfavourable for exact work, occurring, as they often do, in coarse 
ash or shale and distorted by cleavage. 

From the Devonian rocks Phillips figures the Phyllopora with cir- 
cular fenestree as Ltetepora prisca*, that with lozenge-shaped fenestra 
as Fenestella arthritica t, and that with square fenestre as Glorgonia 
ripisteria t. As might be expected, there is considerable confusion of 
species in Phillips’s delineation of the Devonian Polyzoa. Two or 
more varieties are included under one head. A revision of the 
Devonian Polyzoa from a paleontological point of view is very 
desirable, for since Phillips’s work, forty years ago, they have re- 
mained untouched. The difficulty is to procure the material neces- 
sary for the purpose. 

In the Carboniferous rocks Phyllopora is comparatively rare in 


* Phillips, Pal. Foss, pl. xiii. fig. c, 
+ Ibid. pl. xii. fig. e. 
+ Ibid. pl, xi. fig. 6, 
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the British area. It has been seldom found in England. I have 
one example from Derbyshire. Mr. John Young informs me that 
it has not been found in Scotland. Prof. M‘Coy, however, figures 
it among the Irish Carboniferous fossils. 

Good examples of the several types of Phyllopora will be found 
figured in the works of Prof. de Koninck, Dr. Toula, and Mr. Prout. 
Coming to Permian times, we have in P. Hhrenbergii * the form with 
circular meshes. The new species which I have described supplies 
the other type. 


* King’s Perm, Foss. p. 49. 
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36. On NeEvsticosauRts PusILLus (fraas), an Ampuisious REprinE 
having AFFINITIES with the Trrresrrian Noruosavria and 
with the Marine Prustosavria. By H. G. Srrtzy, Esq., F.R.S., 
F.G.8., &c., Professor of Geography in King’s College. (Read 
March 22, 1882.) 

[Puate XITTT.] 


Mr. Jurius Hoszr, of Stuttgart, submitted to me in June 1881 
two of the most interesting Saurians ever discovered in the Trias. 
They were found in the Lettenkohle, which lies between the Upper 
Muschelkalk and the Keuper, in a quarry at Hoheneck, near 
Ludwigsburg, about nine miles north of Stuttgart. These fossils are 
the materials briefly noticed by Dr. Oscar Fraas in the *‘ Wiirttem- 
bergische Jahreshefte,’ 1881, and figured as Stmosawrus pusillus. 
This animal is probably the smallest representative of the Plesio- 
sauria yet exhumed; but it has a greater interest in exhibiting in 
the hind limbs all the characteristics of a land animal, while the 
fore limbs have become paddles, in which a more striking approxi- 
mation is made to Plesiosaurus than was previously known in any 
Triassic representative of this order. Yet, in form of vertebrae and 
proportions of the vertebral column, in structure of the pectoral 
and pelvic girdles and conformation of their component bones, the 
Plesiosaurian common plan is so closely adhered to that no doubt can 
attach to the animal’s systematic position. A photograph showing 
the condition of the principal slab when first discovered, which was 
taken as a record, in case of accident during its development from 
the matrix, satisfactorily attests that the bones are in their natural 
positions, and thus enables us to recognize in this animal a terres- 
trial Plesiosaurian in process of undergoing those structural modi- 
fications which would adapt it for aquatic life. 

This is the first occurrence of a fairly complete Plesiosaurian 
skeleton in the Trias. None of the remains so admirably ilus- 
trated by von Meyer, and referred to Nothosaurus, Pistosaurus, 
Conchiosaurus, and Simosawrus, exhibit the skull in association 
with the vertebral column, or either with the limb-bones. The 
latter, indeed, have only been recovered in isolation from each other ; 
and though the association of bones in certain quarries fully justified 
von Meyer in his cautious reference to Nothosaurus of the various 
elements of the skeleton, no restoration has been attempted, Even 
in the admirable analysis of the characters of this genus given by 
Prof. Owen in his ‘ Paleontology ’ (2nd edit.), the diagram (fig. 90, 
p. 230) of principal characters represents the fore limb as unknown*. 
In studying this new fossil we need to remember that the genus 
Simosaurus is founded upon the skull, of which both superior and 
inferior aspects are well known 7. 


* Von Meyer would have regarded the limb represented as a fore limb, 
t Fauna der Vorwelt, Saurier des Muschelkalkes, pls. 16-20. 
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The superior aspect of the skull is remarkable for the large size of 
the temporal fosss, orbits, and nostrils, the latter having a very forward 
position. The palate, on the other hand, is remarkable for its extensive 
ossification (pl. 17); and, as Professor Owen has observed, the ptery- 
goids form a broad, expanded, unbroken, flat, imperforate expanse of 
bone, united by a median suture, and underlapping the sphenoid. The 
only large perforations on the palate are those beneath the anterior 
nares and those external to the pterygoids. If we now turn. to 
the skull of the little animal figured by Dr. Fraas, the exposed 
surface, which he identifies as the palate, shows exactly that 
arrangement of vacuities which von Meyer figures (pl. 18) as 
distinctive of the superior surface of the head. There is, however, 
no reason to question the accuracy of Dr. Fraas’s topographical iden- 
tification, since the exposed surface is concave, as only the palate 
could be, shows alveoli, and has no trace of a parietal foramen, 
though the bones are too perfectly ossified and blended to permit of 
their individual definition in detail. But such a palate as the 
specimen exhibits makes reference of the species to Simosaurus 
impossible. Equally impossible is it to refer the type to any other 
genus hitherto instituted. The difference, indeed, is of a subordinal 
rather than a generic quality ; for since all the allied Triassic genera 
hitherto known have the palate closed,in harmony with the Plesio- 
saurian plan (and it may be in relation to aquatic conditions of life), 
here we may have an indication of the kind of skull from which the 
Plesiosaurian type was originally derived. It has therefore 
appeared desirable to offer to the Society some further details of the 
anatomical structure of this animal, which I was enabled to study 
by the courtesy of Mr. Hoser, before the skeletons became finally 
deposited in the national collection at South Kensington. 

The larger specimen (Pl. XIII. fig. 1) lies on the back in a slight 
sigmoid curve, and exposes the abdominal aspect of the skeleton, all 
the bones of which are in situ except some elements of the pectoral 
girdle, the abdominal ribs, and parts of the limbs, which are lost. The 
extreme length of this skeleton as it lies hardly exceeds 270 mm., 
though Mr. Hoser measuring the separate regions makes it 285 mm. 

The second and somewhat smaller individual (Pl. XIII. fig. 3) ex- 
poses the dorsal aspect of the bones, but has lost the head and anterior 
part of the neck, the extremity of the tail, some of the smaller limb- 
bones, and the right hind limb. But though the conformation of the 
bones is slightly different in this animal, the differences are no more 
than may perhaps be attributed to sex or age. 


The Head. 


The head (Pl. XIII. fig. 2)is nearly 3 cm. long, and is 14 mm. wide 
in the posterior or quadrate region, where it is widest: the sides are 
at first nearly parallel, and then taper forward in a lanceolate shape. 
It lies flat, and has been carefully excavated so as to display the 
several regions of the palate. In front, resting close upon the 
maxillary bones, there appears to be a small fragment of the lower 
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jaw, still containing threo teeth, two in oneramus and one inthe other. 
These teeth are directed outward and upward; they are white, with 
a cylindrical fang, and a slightly expanded crown; but the fragment 
of lower jaw is very small and slender; it obscures the anterior 
termination of the snout so that the premaxillary bones are not 
seen. The maxillary bones extend backward to the region of the 
orbits, and appear to have been about 18 mm. long. The sockets 
for the teeth are circular, and about half a dozen can be counted on 
the left side of the specimen. The alveolar border is elevated on 
the inner margin of the sockets. The palatal plates of the max- 
illary bones are moderately developed in front of the palatal nares ; 
they do not meet in the median line, but rest upon a vomer, which 
is either double or grooved in the middle. The palatal nares appear 
to have been ovate, but the posterior border is not clear; they 
approach to within 6 mm. of the anterior extremity of the head as 
preserved with the lower jaw. Posterior to the nares, the palate is 
deeply concave from side to side. This concavity is due, in part, to 
the mode of development of the palatine bones, though their limits 
are not clearly defined. They appear to be narrow in front, and to 
widen in a V-shape behind, and to have the posterior border concave. 
I am unable to recognize with certainty any suture between them. 
The posterior processes diverge towards the thickened part of the 
maxillary bone, where the teeth appear to terminate. There isa 
median ridge on the palatine, which dies away posteriorly ; thus the 
palatines appear to form the posterior roof of the nares. They 
terminate backward in a sharp ridge. Posterior to this ridge, 
which is 13 mm. from the snout, the palate becomes concave from 
front to back, and appears to include two pairs of vacuities. The 
smaller pair is in about the middle of the skull, and probably just 
below the orbits, which are not seen. ‘The two pairs of vacuities 
appear to be separated from each other by the transverse bone, 
which is only preserved on the left side, and unites with the hinder 
margin of the maxillary and with the pterygoid bones. The ptery- 
goids divide the anterior pair of these vacuities from each other ; 
they appear to show a median suture, are much constricted from 
side to side, but diverge posteriorly ; they are short, and it is not 
possible to speak with certainty of their posterior limit, since no 
sutures can be accurately defined, and the large mass of bone 
between the hindermost pair of palatal vacuities has all the charac- 
ters of the basisphenoid. This region is broadly channelled in 
length, its lateral margins are concave; and posterior to it is the 
basioccipital. It gives attachment to the quadrate bones pos- 
teriorly, which evidently send processes forward and inward so as to 
meet backward processes of the pterygoid. ‘There is no articular 
condyle to the quadrate bone; but the articular surface appears to 
have been slightly concave. The palatal space between the condyles 
is concaye; but the condyles themselves do not seem to have been 
prominently developed. The malar bar is preserved on the right 
side of the specimen only ; but its condition does not show sutures, 
and therefore gives no evidence of the quadrato-jugal. The oceipi- 
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tal condyle is small and globular. On each side of it there is a 
strong lateral bony mass as big as the condyle itself, but separated 
by an inferior groove, as is often seen in the basioccipital bone of 
Plesiosaurs. 

The way in which this skull diverges from Plesiosaurus or 
Nothosaurus, suggests a distinct approximation to Lizards. And 
there are many lizards in which the palate might, by a median 
blending of the pterygoid bones, present a similar aspect. 

An approximation to such a palate is offered by the common 
Lacerta agilis, though the superior surfaces of the two skulls are not 
likely to show any thing incommon. ‘The distinctive feature of the 
lizard palate consists in the presence of the vacuities which result 
from the pterygoid bones abutting against anterior angles of the 
sphenoid, so that they do not completely meet in the middle line. 
Even in Amp/isbena the structure of the palate, with the ptery- 
goids external to the basisphenoid, is hardly an exception to the 
Lizard plan, though the pterygo-sphenoid vacuities are so far reduced 
as to make the palate essentially Chelonian. It is therefore pro- 
bable that the Lizard-like conformation in this fossil, is not indicative 
of Lacertilian affinities, at least of affinity towards any surviving 
type of the group. It is at first sight as difficult to see any resem- 
blance in- it to the Plesiosaur as to distinguish it from the Lizard ; 
for the backward position of the external nares towards the middle 
of the head in Plesiosaurs necessarily gives rise to a difference of 
proportion in the palatal regions, and causes the posterior nares 
to be carried backward so as to approximate to the Crocodilian plan 
(see Owen, Monog. ii. Rept. Kim. Clay, t.1. fig. 1, also Rept. of Lias, 
t. xvi.). But if the premaxillary bones had not extended their pos- 
terior margins backward so as to remove the external nares from the 
extremity of the snout, then probably the palate of Plesiosaurus would 
have compared better with our fossil; for the lateral vacuities in the 
palate might then have held a more forward position. But in any 
case Plesiosaurus has no representative of the vacuities which occupy 
the middle of the palate, and are margined posteriorly by the trans- 
verse bones, any more than has Nothosaurus or Simosaurus, in both 
of which the palatal nares are as far forward. 


Vertebral Column. 


The neck (Pl. XIII. fig. 1) is twice or twice and a half as long as the 
head.It includes about 20 vertebree; but the state of preservation is 
such as to present considerable difficulty in determining which should 
be taken as the last cervical ; and it may be that some would prefer to 
count only 17 vertebra. The length of the cervical vertebree appears 
to vary but little, though the centrums increase in size as they recede 
from the head and approach the back. The cervical region, however, 
is not so well preserved as to show the exact form of the bones. There 
is no clear evidence of the form and characters of the articular face of 
the centrum ; in the lower part of the neck the base of the centrum 
appears to be grooved. Iam unable to recognize any cervical ribs 
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such as are found in the anterior part of the neck in Plesiosaurus ; 
but after the 17th, where the vertebrae became wider, ribs are 
preserved. Hach vertebra is about 3mm. long. The rib is about 
© or 6 mm. long, and tapers to a point. It is impossible to adopt 
the same mode of classifying the regions of the vertebral column as 
is in use with Plesiosaurs; for although the first four or five verte- 
bre with ribs probably have the stout expanded head of the rib 
supported partly on the centrum and partly on the neural arch, 
there is no evidence that this is the case; and therefore, though I 
should be disposed to regard these vertebre as pectoral, other 
writers might group them with the neck, because they are anterior 
to the scapular region, or with the back, because they bear ribs. 
_ The cervical vertebree do not lie quite undisturbed; the atlas and 
axis appear to be broken; the third vertebra exposes the articular 
end, showing the neural canal to be higher than wide, with the 
posterior articular face of the centrum flattened, but slightly convex 
from above downward. ‘The upper table of the neural arch extends 
back a little beyond the neurapophyses, and extends outward a little 
beyond them. The sixth vertebra, which lies on its side, has a 
distinct tubercle for the rib, on the lower part of the centrum; and 
the fifth shows a median ridge on the base of the centrum, with a 
groove on each side of it. ‘The middle cervical vertebra have ‘lost their 
neural arches, and there only remain the facets to which arches were 
attached. These facets are ovate, placed towards the anterior part 
of the centrum, and separated from each other by a considerable 
interval, so that the spinal cord rested upon the centrum. The neural 
arches are better seen in the second specimen (P]. XIII. fig. 3),in which, 
however, only seven cervical and three or four pectoral vertebra appear 
to be indicated with certainty. Only the dorsal aspect of the neural 
arch is there shown. It is remarkable in character, because there 
is no neural spine, the neural spine being only represented by a 
slight ridge, unless, indeed, it should have been broken away in 
excavating the specimen, of which I am unable to detect any certain 
evidence under the magnifying-glass. his slight ridge is, moreover, 
prolonged forward as a blunt conical spine, which overlaps and 
apparently articulates with the neural arch of the vertebra in front. 
On each side of this ridge the upper surface of the neural arch is 
rounded, somewhat oblique, and forms remarkable zygapophyses, 
the zygapophysial facets being unusually large both in front and 
behind. In front they are completely divided by the median ridge; 
they are directed horizontally, and form an unusually compact 
connexion in the neck. 

In the principal slab (Pl. XIII. fig. 1) the dorsal vertebree all lie on 
their sides. In the lower part of the dorsal region they are covered by 
the thin bones of the pelvic girdle, so that it is difficult to count the 
exact number. Including the pectoral vertebrae, there are, however, 
29 vertebree in the back, reckoning the last dorsal to be in a line with 
the ischio-pubic sutare. 

The second specimen, however, cannot count more than 26 ver- 
tebree in the same limits; there is therefore some reason for 
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supposing that we may have here to do with a second species, a 
suggestion which is supported by some characters of the tail and the 
smaller bones of the limbs. If distinct, however, the specimens are 
so closely allied that I feel justified in quoting the characters of one 


‘as illustrative of the other. 


In nearly all Plesiosaurs the dorsal rib is supported upon a more 
or less developed tubercle or transverse process. This type, however, 
shows no trace of any such character. Each centrum is 4 mm. long ; 
the body of the centrum is rounded; and instead of there being a 
constriction between the two articular ends, the centrum is slightly 
inflated in the middle so as to approximate to a barrel-like form. 
Above the centrum is the neural arch, generally to be recognized 
by its suture; and at the base of the neural arch, where it ex- 
pands a little, is the articulation for the rib. And while the rib is 
single-headed as in Plestosaurus, the ribs themselves have a Croco- 
dilian aspect, because, articulating at the base of the neural arch, the 
slight transverse tubercle indents or notches them out above. The 
neural arch is less high than the centrum; it is oblong, and 
nearly as long as the centrum. Where there is a slight displace- 
ment in the series the articular end of the centrum appears to be flat. 
In the region of the shoulder-girdle several centrums appear united 
together (Pl. XIII. fig. 1). The second and smaller animal only 
exhibits the neural aspects of the vertebra (Pl. XIII. fig. 3). The 
sides are divided by the median longitudinal ridge indicative of the 
neural spine, which may be a trifle broader than in the neck. The 
lateral parts of the neural arch are transversely expanded and some- 
what rounded ; each neural surface is once and a half as wide as long, 
has its anterior margin slightly convex, its posterior margin concave, 
its lateral margins straight. The ridge of the neural spine appears 
to be prolonged between the zygapophyses, though to a less extent 
than in the neck. There is no sacrum formed by union of vertebre, 
and no vertebra that can be recognized as sacral from any modifi- 
cation of structure that it presents. The vertebra, however, imme- 
diately behind the ischio-pubic suture should be counted sacral; and 
then in the larger specimen there would seem to be 15 caudal 
vertebre. At least 13 caudal vertebre are preserved in the smaller 
specimen; but they correspond in form and size to the first 8 in 
the larger specimen, and obviously are only a portion of the tail. 
This, with some differences in the length of the vertebra, would 
again suggest that the specimens may belong to two species. 

In the larger individual the tail is only presented on one 
side, and it has been developed so as to show the transverse 
processes. The second centrum behind the ischiac bones is 7 mm. 
long. The transverse process arises from the front part of the 
centrum, and is broad, compressed, and strong; but these processes 
become rapidly smaller and soon disappear. 

The length of the tail, as preserved, reckoning to the back of the 
sacral vertebra, is only 45 mm.; and although it may have extended 
further there is no proof or, indeed, reason to suspect that the 
length would have exceeded 5cm. In the second specimen the 
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tail, as preserved, is 5 cm. long, but shows no indication of being. 
near the end where it terminates. In this length the vertebre are 


compressed from side to side, and have the transverse processes less 
robust than in the larger specimen. The processes become shorter, 
and in the last 3 or 4 vertebre are only indicated by tubercles. 
Hence in the larger or type specimen the vertebral formula appears 
to be 17 cervical, 29 dorsal, 1 sacral, and 15 caudal. 


The Ribs. 


The large specimen (P1. XIII. fig. 1) has the ribs spread out on each 
side of the vertebral column symmetrically and in natural position, 
except for a slight displacement on the right side of the body in the 
pectoral region. Seven vertebre anterior to the humerus have ribs ; 
the first of these may belong to the cervical region. The next four 
may also belong to the neck, but the two immediately in front of the 
humerus are probably to be counted as dorsal. Reckoning in this 
way, there are 22 or 23 pairs of ribs with corresponding vertebree 
anterior to the pubis, all of which must be reckoned as dorsal. The 
length of this region is about 98 mm. The width across the ribs 
and vertebral column as they le is 34 mm. in the middle, narrow- 
ing a little towards the anterior and posterior ends, owing to the 
ribs becoming somewhat shorter. The ribs are curved; measured 
from end to end without regarding the curve, they are about 
2 cm. long. Cylindrical in the abdominal two thirds, they are 
expanded, thickened, and enlarged towards the articulation with 
the vertebra. ‘The thickening appears to have been greatest from 
above downward; and, as already remarked, there is a sort of notch 
at the articular end, different from what is observed in any Plesio- 
saur, and highly suggestive of a double articulation, though not in- 
consistent with the Lizard type. No specimen shows the articular 
facet, but the corresponding facet on the neural arch always exhibits 
a pit. . 

In the smaller specimen (Pl. XIII. fig. 3) the ribs are more nearly 
in natural position, but their distal ends are crushed together so as to 
be absolutely in contact. The principal bones of the pelvis and of the 
scapular arch are hidden; but I do not think more than 22 pairs of 
ribs could properly be reckoned as dorsal. The proximal ends of 
the ribs appear to be relatively larger and more cylindrical than in 
the other specimen, and the interspaces between the ribs appear to 
- be less, though in no case is the interspace equal to the width of the 
rib itself, as they lie. The transverse width across the ribs in the 
small specimen is little more than 2 cm. | 

In the remarkable elongation of the neck and proportions of the 
vertebral column, the characters are entirely Plesiosaurian ; but, for 
a member of this group, the intercentral surfaces are remarkably 
flat; and unless the apparent blending of the early dorsal centrums 
in the region of the coracoids is an accidental character, it makes a 
marked difference from known Plesiosaurians. The appearance of 
pegging together in the neural arch has, at first sight, a suggestion 
of the mode of union of the neural arches of certain Lizards and 
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Ophidians; but there is no reason to regard it as an evidence of 
affinity. Similarly the long neck recalls the lizard from the Chalk 
named Dolichosaurus, which also has the arches joined by zygo- 
sphene and zygantrum. And in the rib rising directly from the 
side of the vertebra in our fossil, without transverse processes to 
support it, the character is more Lacertian than in Plesiosaurus. 
But it should also be remembered, that Pliosaurus, and Rhomaleo- 
saurus from the Lias, like Nothosaurus, have the cervical ribs 
articulated by double heads, as in Crocodiles; so that much weight 
cannot be attached to characters in which the vertebral column 
shows Lacertilian analogies. 


The Pectoral Arch 


is imperfectly preserved (Pl. XIII. fig. 1). The coracoid on the left 
side is entirely removed ; on the right side it is complete. It has 
very much the form of an ischium of Plesiosaurus, and is as unlike 
the coracoid of Plesiosaurs as could be while still formed on the 
sume plan. The bones were directed backward, and met in the 
median line by a suture which was not more than 7mm. long. The 
oblique position of the coracoid will be best understood by stating 
that the median suture is entirely posterior to the glenoid cavity for 
the humerus. The transverse width of the bone is about 12 mm. 
Its extreme length, measured obliquely, is about 14mm. Itis con- 
stricted in the middle; but the anterior concavity is shorter and deeper 
than the posterior concavity. The width at the scapular end is less 
than 7 mm., and the corresponding antero-posterior measurement at 
the median suture is more than 8mm. At the suture with the other 
coracoid there is a small wedge-shaped interval at the posterior 
margin, such as is usually seen in Plesiosaurs. The scapular end 
has a small anterior surface for union with the scapula, and a wider, 
thicker antero-lateral surface for union with the humerus. In trans- 
verse measurement the bone is concave, while from front to back it 
is flattened. The scapule are imperfect; but that on the left side 
is the better preserved. It has somewhat of a chopper-like shape, 
the part which would correspond to the handle of the chopper 
being directed above the head of the humerus, much like the supra- 
humeral process of the scapula in Plesiosaurus. The blade of the 
bone is subobovate, with a slight median ridge dividing the surface 
into two nearly equal portions. This ridge terminates posteriorly in 
a thickened, rounded articulation, which contributed with the cora- 


- coid to form the glenoid cavity for the humerus. Interior to this, 


though not well seen, is the articular surface which unites the bone 
with the coracoid. The ridge on the bone not improbably indicates the 
area which was overlapped by the clavicle. The length of the blade 
of the scapula is just over 1 cm.; its breadth is 6 mm.; the length 
of the posterior process cannot be given with certainty, since it is 
partly covered by the head of the humerus; but it could not have 
been less than 3 mm. This process ascends at a considerable angle 
above the plane of the base of the bone. As already remarked, the 
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bone is convex from side to side, owing to the ridge; it is slightly 
concave in length. 

In the second specimen the coracoids are not seen, and the 
scapule, looked at from above, present no resemblance to the bones 
just described. How far this apparent difference may be due to 
position, and how far to their being covered by the clavicular bones, 
I am unable to determine. The posterior processes are parallel to 
each other; and the transverse external width across them is 2 em. 
The length of the scapula appears to be about 133 mm.; but the 
posterior process is not quite complete behind, where it extends over 
the head of the humerus and the articular part of the coracoid. 
The scapule appear to converge forward in a convex curve. 

The coracoid is essentially the same in type as that so well 
figured by von Meyer as pertaining to Nothosawrus. The scapula 
only differs in specific characters and smaller size from some small 
bones (Muschelkalksaurier, t. 33. fig. 40-44) found near Jena, which 
von Meyer did not name. It has a general resemblance to the 
scapula of Nothosaurus (t. 34). The fragment of a left clavicle 
which adjoins the corresponding scapula is broad, but too imperfect 
to give any idea of the nature of the clavicular elements of the arch. 
Thus the pectoral bones, as a whole, are much more like those of 
Nothosaurus than. Plesiosaurus. The Nothosaurian coracoid is 
essentially a modified crocodilian coracoid, differing chiefly in having 
the median margin rather more elongated; and instead of having 
the articular end of the bone pierced by a foramen, there is a notch 
between it and the scapula, as in many Dinosaurs and Ichthyosaurs ; 
but this notch is not developed in our fossil. It only needs that the 
antero-posterior elongation of the coracoid of Neusticosaurus should 
be carried further to make it comparable with that of Plesiosaurus. 
Thus the form of that bone in Plesiosaurus becomes a modification 
of a crocodilian type. 

The scapula is at first sight more difficult to understand; but 
when that bone in Nothosawrus is compared with the scapula of the 
Crocodile, the blade of the bone is similarly directed upward and 
backward, but is not so expanded as in the Crocodile, while the 
anterior or preacetabular part of the bone is more developed. The 
resemblance is not so close as in the coracoid ; but the difference is 
one of proportion, not of plan, and therefore may be classed as 
functional. In our fossil the blade of the bone becomes directed 
more backward and assumes a form closely approaching the supra- 
acetabular process of the scapula in some Plesiosaurs, which I am 
thus led to identify with the blade of the scapula in the Crocodile. 
The preacetabular part of the scapula in Nothosawrus, or even in 
this fossil, diverges much less from the crocodilian type than does 
the scapula of such a genus as Colymbosaurus from that of Wotho- 
saurus. 

The striking and distinctive feature of these Triassic Saurians 
consists in the great development of the clavicular bones, which 
form an arch in front of the preacetabular elements of the scapule. 
Nothing corresponding to these elements, except the interclavicular 
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bone, is known to exist in any Crocodile. In Plesiosaurs, however, 
the clavicles have become small or absent, and blended with the 
greatly enlarged interclavicle in those species in which they have 
been observed; so that in this respect the clavicular region in 
Plesiosaurus is rather more like that of the Crocodile than is that of 
Nothosaurus. The resemblance, however, cannot be pressed, because 
in Plesiosaurus the interclavicle connects the scapule together, and 
braces both of those bones to the coracoids. But we are justified 
in inferring that, with the diminution of the anterior expansion of the 
scapula in Crocodiles, the clavicle became lost. 


Fig. 1.— Restoration of the Pectoral Arch of Neusticosaurus 
(external aspect). 
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a. Coracoid. b. Scapula. 
c. Clavicle. d. Interclavicle. 
The Pelvic Arch. 


The pelvis consists, as usual, of ilium, pubis, and ischium. In 
the principal specimen (Pl. XIII. fig. 1) the articular head of the 
ilium is seen im situ, contributing to form the upper and major portion 
of the tripartite articulation; but on the right side the acetabulum 
is broken away; so that I can only mention that the head of the ilium 
is rhomboid, 4 mm. wide, and 5 mm. deep. The pubic and ischiac 
bones meet by suture in the median line, and extend over 4 or 5 
vertebre. The length of the pelvic region, formed by these two 
bones is about 2 cm. The bones are expanded and thin, and 
closely resemble the corresponding elements in Plestosawrus. The 
transverse measurement across the pubic bones, as preserved, is 
23 mm.; but there seems to have been a slight displacement on the 
left side, by which the antero-posterior measurement of the bone 
has become less than on the right side. Each bone is subqua- 
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drate; it met its fellow in the median line, though the suture 
cannot be distinguished; it also met the ischium behind in the 
median line, and on each side of this union the posterior margin is 
concavely excavated to contribute to the formation of the trans- 
versely ovate ischio-pubic vacuity. In front there appears to have 
been a concave notch between the united pubic bones, about as 
wide as the base of the centrum; and then each sent forward a 
short anterior process or prepubic element. External to this, the 
anterior margin has a deep semiovate concavity. The external 
margin consists of two nearly equal parts, an anterior oblique area, 
directed outward and forward, with the margin sharp, and a pos- 
terior thickened articulation. The length of this external side of 
the pubis is about 8 mm. Just behind the articulation is a slight 
narrow notch opposite to the head of the ischium. The ischium 
is even more Plesiosaurian ; it is directed obliquely backward, and 
extends in length as it passes inward towards the median line. 
The articular end is greatly thickened and extends outward rather 
further than the pubis, showing that the acetabulum was chiefly 
formed by the ilium and ischium. The anterior margin of the bone 
is concave, with a deeper excavation than is seen on the longer 
lateral margin. The bones diverged a little behind from imperfect 
ossification, like the ischiac elements in Plesiosawrus. In the pelvic 
bones there is a considerable departure from the crocodilian type. 
The ilium is not separated from the matrix in these specimens of 
Neusticosaurus; but in Nothosaurus, in which it was evidently 
similar, the bone has no trace of that vertical elongation seen in all 
true Plesiosaurs, but is short, and broad, and thick, and as much 
suggestive of the Crocodile as an ilium can be which is only attached 
to one vertebra. But though the bone is not distinctly crocodilian, 
it is only with the ilium of Crocodiles that it can be compared. 

The ischium is larger than that of the Crocodile, and especially 
more elongated in the antero-posterior median suture ; butin its not 
possessing the preacetabular process which supports the pubis, 
there is a fundamental difference. This process, however, does not 
appear to have existed in the Triassic Crocodiles; and according to 
Huxley (Stagonolepis, p. 32) the acetabulum was formed by union 
of all three pelvic elements; so that there is no divergence from the 
crocodilian plan in such a difference from existing Crocodiles as 
Neusticosaurus exhibits. 

The pubis is not crocodilian in form, and differs in having a far 
greater antero-posterior development of the postpubic portion, by 
which the prepubic process becomes dwarfed. But if von Meyer 
was right in some of his identifications, it would seem that there is 
scarcely any difference between the plan of the pubis of Nothosaurus 
and that of the Crocodile, both being expanded towards the median 
suture, and both constricted near the articular end. As a whole, 
the pelvis of Neusticosaurus is less like the Crocodile pelvis than 
that of Nothosaurus; and as it diverges from Nothosaurus it makes 
an approximation to Plesiosaurus. 
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Fore Inmb. 


On the left side the fore limb is fairly well preserved (Pl. XIII. fig. 
1), though the carpal bones are but slightly indicated, and the pha- 
langes appear to be somewhat scattered. On the right side the 
humerus is gone, apparently through bad collecting, since there is the 
cavity in which the bone rested. Ulna and radius are well preserved ; 
but there is only one phalange. On the left side the fore limb is 5 cm. 
long. The humerus has the shape usual with that bone in Plesiosaurus. 
It is 21 mm. long, 4 mm. wide at the proximal end, 33 mm. wide 
in the middle of the shaft, and 73 mm. wide at the distal end. 
The proximal part of the shaft is cylindrical, with the articular end 
rounded, and some muscular roughnesses on the shaft near the 
proximal end. The lower part of the shaft is more flattened and 
compressed ; near the distal end there is a groove or foramen for a 
vessel towards the posterior border, as in Nothosaurus. The 
anterior border, in its upper third, exhibits a slight angular bend, 
such as occurs in some Liassic Plesiosaurs, and is paralleled in the 
humerus of Nothosaurus. The outline of the bone between this angle 
and the distal end is very slightly concave. The posterior outline is 
much more concave, owing to the distal end of the bone being 
expanded posteriorly. The distal articulation is without facets, and 
is convex from front to back. The ulna and radius are longer and 
more slender than those of Plesiosaurs, and present a marked trans- 
ition towards these bones in a Crocodile, though in shortness the 
forearm rather suggests the Chelonian type. There can be no doubt 
about the nomenclature of the bones, since they are in situ ; but 
from the form alone it might well have been inferred that the 
anterior bone was the ulna, and the posterior bone the radius. The 
radius is 12 mm.long. It is imperfect proximally, on the left side ; 
but on the right side the proximal end is seen to be somewhat 
enlarged and bent inward, with an oblique articular facet to articu- 
late with the humerus; its distal end is more slender; and the bone 
all together resembles a crocodilian ulna. The ulna on the right side, 
where best preserved, is 11 mm. long. It is also wider proximally 
than distally, with nearly parallel sides; the proximal end has an 
oblique facet. Below the ulna are two small carpal bones; but 
there appear to be two or three more displaced among the digits, so 
that the structure of the carpus is unknown; but it had a Plesio- 
saurian character. 

The number of digits is uncertain, and there may not have been 
more than three. Only one metacarpal (5 mm. long) is preserved ; 
and there are two short conical terminal phalanges. 

In the second specimen the humeri are exposed, so that the right 
shows the dorsal, and the left the posterior lateral aspect. The left 
bone is not quite perfect distally, and is fractured in three places. 
The right humerus is fully 18 mm. long ; its proximal end is narrower 
above than below, and is thicker than wide; the distal end is 
64 mm. wide; the anterior margin is convex in outline proximally, 
concave distally ; the distal end does not appear to be quite so much 
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expanded as in the other specimen; and there is a distinct thickening 
of the shaft in a blunt ridge near the distal articulation, towards its 
middle. The radius is 11 mm. long. No digits are preserved. 


Fig. 2.— Comparison of Fore Limbs of Neusticosaurus and 
Plesiosaurus. 
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A. Neusticosaurus pusillus. 
B. Plesiosaurus Hawkinsii. 


The fore limb at first sight suggests nothing but a modified 
Plesiosaurian, in which the forearm is relatively more elongated, 
and the digital bones are fewer than in known forms. These are 
differences such as are well known in certain genera among the 
Cetacea. But when we compare the bones of the fore limb with 
those which von Meyer has referred to Nothosaurus, a marked 
difference is observed in the humerus ; for that bone in Nothosaurus 
has no trace of the Plesiosaurian form, and is essentially the hume- 
rus of a land animal. The difference consists chiefly in expansion 
of the anterior part of the bone towards the distal end. There is 
the same slight proximal curvature of the head of the bone back- 
ward, the same curvature of the posterior margin, the same distal 
foramen on the hinder margin of the bone. And seeing how growth 
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is everywhere developed by intermittent pressure and tension, it 
seems to me that the difference between these two is precisely such 
as might be expected to result from conditions of existence such as . 
would result from increased leverage of the body being thrown 
upon the anterior distal end of the humerus, in consequence of the 
bone being used as a chief organ in progression, in an animal which 
was adapting itself to aquatic conditions. Further, on the pos- 
terior margin of the humerus of Nothosaurus, in the upper third, is 
a process like a trochanter, which is often seen in certain species of 
Plesiosaurus, in the same position though less developed; and this 
process I regard as a representative of the radial crest, less developed 
than in the Crocodile, and rotated further backward. We shall seek 
in vain among existing reptiles for any near analogue of the Notho- 
saurian humerus; and if the character were isolated in the skeleton, 
it would be impossible to say whether the slight crocodilian character 
were an analogy or an affinity. 

In Crocodiles and Chelonians, even more than in Lizards, the 
humerus is more elongated than the forearm; but in Neusticosaurus 
the forearm is relatively shorter even than in the Crocodiles ; for 
while in the Alligator these regions are in the proportion of about 
7 to 5, in the fossil the proportion is 10 to 6. But while the 
segment of the limb is shortened, the bones have the aspect of those 
of a land animal: the radius is broad at the proximal end, like the 
radius of Plesiosaurus; and the ulna is broad and curved a little, so 
as to foreshadow the way these bones in Plesiosaurus became short- 
ened as they ceased to support the weight of the body, and at the 
same time increased in width with the increased tension under new 
conditions of use. 

The proportions of the bones of the hand and their number show 
no striking departure from the terrestrial type, except in the form 
of the terminal phalanges, which, as being conical, seem to preclude 
the idea of functional terminal claws, and approximate towards the 
condition seen in Plesiosaurus, though the phalanges were few, and 
did not give the limb a Plesiosaurian elongation. (See Fig. 2.) 

Unfortunately, the limb-bones of Nothosaurus have not yet been 
found in natural association. 


The Hind Limb. 


The hind limb is no longer than the fore limb, but of an alto- 
gether different character; for while the latter suggests a swimming 
type, the former is the hind limb of a land animal. 

In the type specimen, only the middle of the shaft of the femur 
is preserved; but the impressions of its extremities in the matrix 
show it to have been 21 mm. long (Pl. XIII. fig. 1). In the smaller 
specimen the length is a little less than 20 mm., and the bone appears 
to be of slightly different form; for in the larger example the impression 
of the distal end indicates an appreciable widening of the bone, of 
which there is no trace in the small specimen, which has the distal 
end more slender than the difference in length would have suggested. 
But this difference may result from the bone being exposed laterally 
in the case of the small animal, since in section the shaft of the 


364 H. G. SEELEY ON NEUSTICOSAURUS PUSILLUS. 


larger animal’s femur is ovate. The distal end, 14 mm. thick, is 
compressed from front to back, flattened inferiorly, with a sharp 


Fig. 3.—Comparison of Hind Limbs of Neusticosaurus and 
Plesiosaurus. 


A. Neusticosaurus pusillus, 
B. Plesiosaurus Hawkinsit. 


ridge margining the inferior external border in its distal half; the 
external side is oblique and rounded distally, and separated by a 
ridge from the superior aspect of the bone. Proximally the lateral 
aspect of the bone widens in a wedge shape to 4 mm.; its inferior 
aspect is flat and forms nearly a right angle with the lateral surface, 
which is slightly convex; the superior aspect appears to be flattened. 
There is no indication exposed of an articular condyle to the 
proximal end, such as might have been expected from a longitudinal 
ridge running down the underside of the shaft. The tibia and 
fibula are about 11 mm. long in the larger individual, and 1 mm. 
less in the small one; and, in harmony with the positions of the 
skeletons, one exhibits the anterior, the other the posterior aspect 
of the bones; but both bones are unduly slender in the small speci- 
men. In the larger animal the tibia has a massive appearance: its 
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proximal end is more than 3 mm. wide; the distal end is fully 2mm. 
wide. As the specimen lis, the head of the fibula extends in front 
of the tibia. The fibula is a characteristic bone, with the external 
margin straight and the internal margin concave, so that the bone 
is constricted in the middle and expanded at the two ends. 

There are only two tarsal bones—first, a large transversely ovate 
tarsal placed between the tibia and fibula, and a similar smaller 
one adjacent to it, and below the fibula. These bones differ in 
proportions somewhat in the two specimens, but have a close general 
resemblance to the tarsals of Plestosawrus, in haying the lateral 
surfaces concave, with an elevated margin round the articular edge. 
The transverse measurement of the large tarsal is 4 mm. 

The metatarsal bones and phalanges of the hind limb, like the 
corresponding bones of the fore limb, in the larger specimen, are 
badly preserved. The foot was short; but there is no certain evi- 
dence whether it included four or five digits. Besides the meta- 
tarsal there may not have been more than two phalanges in each 
digit, though the number probably varied and augmented. 

The metatarsals are compressed from side to side, and somewhat 
enlarged at both ends; in the larger specimen the first is 6 mm. 
long. Three terminal phalanges are preserved: they are claws of 
the Lizard pattern, relatively long, compressed from side to side, 
well hooked, and quite unlike the small terminal conical bones in 
the fore limb. 

In the smaller specimen the metatarsal bones are better preserved. 
There are four bones placed side by side, and the fractured proxi- 
mal end of a fifth. There is no divergence between the bones, 
which increase slightly in length from the first to the fourth. The 
transverse measurement over these four bones, as preserved, is 6 mm.; 
the length of the longest is somewhat more. Only one or two 
fragments of phalanges are preserved, but too imperfect for mea- 
surement. . 

The point of greatest interest in this animal is probably to b 
found in the diversity of type exhibited by the fore and hind 
limbs. I am disposed to regard the femur as best comparable 
to that of the Triassic Crocodilia, in which the bone is straighter 
than in existing types, and more widened at the proximal end. 
The divergence, however, is so great that intervening types would 
be required to justify a detailed comparison; and in this matter 
Nothosaurus gives but little help. The remarkable compressed claws 
are not crocodilian, but suggest certain Lizards and various extinct 
animals. 


Conclusion. 


In endeavouring to estimate the value of the various resemblances 
to Crocodiles which I have attempted to indicate, it must be remem- 
bered that in discussing an animal which lived in the beginning of 
the Secondary period, comparison has had to be made with a type 
which still exists, and which, therefore, can scarcely give much clue 
to the actual modifications which its ancestral forms presented in 
Triassic times. But as the Crocodiles are traced back through the 
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Teleosaurs and Belodonts there is a nearer approximation of struc- 
ture towards Plesiosaurs, which may especially be seen in the 
conformation of the skull, form of the vertebra, articulation of 
cervical ribs, and development of transverse processes from the neural 
arch in the dorsal region, no less than in the conformation of the 
elements of the pectoral and pelvic girdles. The proportions of the 
limbs, too, become more those of a Crocodile in such a genus as Veu- 
sticosaurus; and this genus demonstrates, I think, that the Plesiosauria 
must have had ancestors which lived entirely upon land, before the 
limbs came to be used for natation. That those animals were more 
nearly allied to Crocodiles than to any existing reptilian order, seems 
to me highly probable. 

In such a group, I fancy, we are reaching the parent type of the 
great subclass of reptiles which von Meyer named PatmosavrRia, 
which I would enlarge, to include Crocodilia, Rhynchocephalia, 
Chelonia, Ichthyosauria, Plesiosauria, Anomodontia, and Dino- 
sauria, and especially distinguish from the subclass CarnosavrRta, 
in which should be comprised the Lacertilia and Ophidia. 

While this genus is closely affihated to the Nothosaurs and 
their allies, we see in those animals a type rather terrestrial than 
marine, which, in the bones of the extremities, diverges widely 
from the true Plesiosaurs. This osteological modification amounts 
to a subordinal difference ; and for this group it may be convenient 
to use the name Nothosauria, or to adopt von Meyer’s name Macro- 
trachelia, though that term, being equally applicable to Plesiosawrs, 
is not so distinctive. 


EXPLANATION OF PLATE XIII. 


Fig. 1. Type of Neusticosawrus pusillus (Fraas) showing ventral aspect, natural 
size. 


2. Skull of the same specimen, twice natural size. 
3. Dorsal aspect of a second specimen of Neusticosawrus, natural size. 
Both examples are in the Natural-History Museum, South Kensington. 


Discussion. 


Mr. W. A. Forszs pointed out that a similar modification of the 
anterior and posterior limbs was to be seen in the Penguins. Pos- 
sibly the anterior and posterior limbs of Neusticosawrus may have been 
used in the same restricted manner as in those birds. 

Mr. Hurxn spoke highly of the value of the paper; the subject of 
it was a most remarkable Saurian. The modification described of the 
fore and hind limbs was very singular; it was very remarkable to 
find combined in one animal characters which were found in 
animals so widely separated at the present day. 

The AutHor agreed with Mr. Forbes that the Penguins presented 
a parallel instance in some respects. 


a 
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37. On a remarkable Drnosavrian Coracoip from the WEALDEN of 
Broox in the Istz of Wieur, preserved mm the WoopwARDIAN 
Museum of the Untversity of CamBriner, probably referable to 
OrnitHopsis. By H.G. Ssxrzy, Hsq., F.R.S., F.G.8., Professor 
of Geography in King’s College, London. (Read May 24, 1882.) 


Many years ago (about 1866) Mr. Henry Keeping obtained from 
the cliff at Brook, midway between the fossil forest at Brook Point 
and Brook Chine, at about 10 feet above high-water mark, the 
largest Dinosaurian coracoid which it has been my fortune to ex- 
amine. It differs in important generic characters from the coracoid 
of Iguanodon ; and the only genus hitherto described to which it is 
likely to belong, is Ornithopsis, a Saurian to which Mr. Hulke has 
already referred many bones of gigantic size. 


Fig. 1.—Haternal View of the Dinosaurian Coracoid, 
one sixth natural size. 


a. Humeral articulation. 6. Scapular margin. 
ce. Median thickening. d. Coracoid foramen. 
é. Termination of inferior ridge. 


The specimen is from the right side, and perfect, except that a 
small portion of the thin anterior margin has been broken away. 
The external surface of the bone is irregular, but somewhat convex 
from front to back; the visceral surface is similarly concave. The 
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bone is of moderate thickness, but greatly expanded at the humeral 
articulation. Its greatest length is about 44 centim. (17} in.); 
greatest width 36 centim. (147in.); and the greatest (external) length 
of the humeral articular surface is 20 centim. (7;% in.), while the 
greatest (internal) length of the suture for the scapula measures 
about 27 centim. (103in.) The bone gives no certain evidence of union 
with a sternum, though the fact that the extreme posterior end of the 
internal border of the bone is thicker (fig. 2, 7) than the part which 
is anterior to it is rather in favour of the possibility of the hinder 
part of the bone having had such an osseous relation. But the great 
thickening of the internal or median sutural margin in a line trans- 
versely indicating the junction of the coracoid and scapula convinces 
me that the coracoids there met in the median line, though their 
union was by uo means firm. As a whole, the bone has a curious 
general resemblance to the anterior portion of an ilium, such as is 
seen in some of the large American types. 


Fig. 2.— Contour of Median Sutural Margin of Dinosaurian 
Coracoid. 


m, contour of external, and 2, internal surfaces. p is placed at the 
imperfect anterior border. 7. Posterior border. 


The Median Sutural Margin (fig. 2).—Though the lateral outline 
is convex as a Whole from back to front, it is straight or a little concave 
for a length of about 27 centim. (10% in.) in the middle, where the 
bones may have met; and the diverging posterior margin is also 
straightened where it may have abutted against a sternum. ‘This 
surface is convex from within outward, and roughened with trans- 
verse grooves, parallel and more or less irregular, indicative of a 
cartilaginous surface to the bone. The contour of this surface, as 
seen transversely (fig. 2), is remarkably like that of a ladle with the 
bowl in front, so that its convexity projects outward and thickens 
the bone to 5} centim. (24 in.), while, owing to the corresponding 
though lesser internal concavity, it tapers forward. But immediately 
behind this anterior thickening the bone is compressed to a thickness 
of 2 centim. (4 in.); and here the external surface is concave and the 
internal surface is convex; then succeeds a longer external curve 
with a corresponding internal concavity terminating in the posterior 
expansion of 54 centim. width already mentioned. 

The External Surface (fig. 1)—This is necessarily irregular to- 
wards the median line (c), with the folds and thickenings of the 
bone already described, which somewhat resemble those of Colym- 
bosaurus and certain Plesiosaurs where these bones meet in the 
median line. The bone is 18 centim. (7;, in.) wide proximally, 
26 centim. (107 in.) wide in the middle where thickest, and from 
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20 to 21 centim. (7,9, to 8,3; in.) wide at the concave posterior 
border. The extreme length of the external margin is 33 centim. 
(13 in.), while the internal margin is about 41 centim. (164 in.) 
long. The suture for the scapula, 6, converges anteriorly some- 
what toward the internal sutural margin. The foramen which per- 
forates the coracoid towards its suture with the scapula, d, is oval, 
about 4 centim. (12 in.) long by 3 centim. (11 in.) wide, situate 33 
centim. (12 in.) from the scapular suture, and about 16 centim. 
(6,4, in.) from the nearest part of the curve of the concave posterior 
border. The external margin of the foramen is rounded. The 
perforation pierces into the middle of the scapular suture ; anterior 
to it the bone is undulated; and posteriorly the bone is convex 
from before backward, and concave towards the elevated margin 
of the glenoid cavity. At about 74 centim. (3 in.) behind the cora- 
coid foramen is an oblique deep furrow about 8 centim. (3;%; in.) 
long, directed backward and inward, but so that if prolonged it would 
nearly reach the posterior angle of the inner margin, ¢. This groove 
has in its posterior part the appearance of being muscular, and in 
its anterior part a vascular aspect; on its inner margin the bone is 
rounded, and on its posterior margin it is flattened. 


Fig. 3.—Internal or Visceral Aspect of Dinosaurian Ooracoid. 


a. Glenoid cavity of humerus. b. Sutural surface for scapular, 
¢. Median margin for union of coracoids. 
The internal surface (fig. 3) is moderately concave from within 
outward; and slightly concave in length, or, rather, is divided into 
two concavities, of which the larger and deeper is anterior. But 
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the external articular margin of the bone is straight; the concave 
posterior margin is rounded from below upward, and maintains a 
uniform thickness of about 23 centim. (1 in.). 

The external margin (fig. 4) consists of two parts :—a posterior 
semiovate articulation, a; and an anterior subtriangular sutural sur- 
face for the scapula, b. The latter is about 15 centim. (6 in.) thick, 
and measures about 17 centim. (63 in.) on the line where it meets 
the glenoid cavity. The external margin is about 17 centim. 
(62 in.) long, and the internal margin is about 27 centim. (103 
in.) long. Where it terminates anteriorly the bone is about 4 centim. 
(12 in.) thick. The sutural surface is irregular and undulating, but 
lies essentially in one plane; it is rough with cartilaginous attach- 
ment. Itis at a right angle with the interior margin of the bone, 
but makes a sharp angle with the external surface. 


Fig. 4.—Scapulo-glenoid Surface of Dinosaurian Coracord. 


a. Glenoid cavity of humerus. 6. Sutural surface for scapula. 


The articular surface for the humerus has its outline convex ex- 
ternally (fig. 4); behind the convexity itis sharper ; and internally it 
is straight. The greatest thickness of the bone is a little over 17 
centim. (62 in.), the greatest length of the surface is 18 centim. 
(7;l,; in.), and its greatest width about 10 centim. (4 in.); the glenoid 
cavity is gently concave, but towards the outer part shows grooves 
which indicate that the articular cartilage was not entirely ossified. 

Of all coracoids of British Dinosaurs, that which approaches 
nearest to this type is seen in the skeleton referred to Hylawosaurus 
from the Wealden of Tilgate. But in Hyleosaurus the distal por- 
tion of the bone is more prolonged, the median portion is less 
thickened, and the foramen is placed behind the middle of the 
humeral border far away from the scapular margin. The bone is 
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distinguished from the coracoid of Jguanodon by wanting the notch 
between the humeral and scapular surfaces, which in that genus 
represents the foramen in this. 

In many characters our Wealden coracoid approaches nearer to 
American types, such as Morosaurus, and especially Camptonotus, 
than to any English form. The resemblance is seen in form of the 
bone, angle of the scapular margin, and especially in a ridge which 
diverges from the humeral articulation downward over the outer 
surface of the bone. This ridge is well seen in Stegosaurus, and is 
less developed and nearer the margin in Camptonotus. But in no 
American genus are the characters identical with those here seen ; 
for in this coracoid the lateral ridge rises opposite the middle of the 
humeral articular surface. 

The large size of the bone makes it probable that the bone, if per- 
taining to a described genus, must be referred to either Pelorosaurus 
or Ornithopsis. The resemblances of the bone to coracoids of Ameri- 
can Stegosauria may make the affinity of the bone with Ornithopsis 
sufficiently probable to be adopted. Pelorosawrus has never been 
critically described; but many of the bones referred to it seem to 
me unquestionably Iguanodont, probably belonging to a large species 
of Iguanodon ; while other bones like the great humerus (Owen, 
Paleont. Soc. 1859, Suppl. 2, p. 39, pl. xii.) seem to me to belong 
to Ornithopsis. 

So few types of Dinosaurian coracoid have been figured, that I 
believe this form will possess a certain interest in demonstrating 
that generic characters may be found in the shoulder-girdle; and it 
may furnish new evidence in support of the genus Ornithopsis. 


IT would express my thanks to Professor Hughes for his kindness 
in allowing me to study this specimen. 


Discussion. 

The PresipENT considered the specimen the most magnificent 
Dinosaurian coracoid he had ever seen. There was one thing to be 
said against regarding this bone as belonging to Ornithopsis, namely 
that it had been found in beds lower than those in which Orni- 
thopsis had hitherto been obtained. He doubted whether there 
had been any mesial sutural union of the coracoids, a feature as 
yet unobserved in Dinosaurs. Jguanodon Seely: was found at the 
same horizon as this bone. 

Prof. Srerey did not see any difficulty in Orimthopsis occurring 
lower in the beds at Brook, since it ranged to Tilgate. He was at 
first disposed to examine whether this coracoid might not belong to 
Pelorosaurus. But most of the bones of that genus so resembled 
Iguanodon that there are no characters in the coracoid or other parts 
of the skeleton which differentiate it clearly. If the bone is attri- 
buted to Iguanodon Seelyi, it proves that that species must be re- 
ferred to some other genus; for the characters of this coracoid are 
distinct from those of Jguanodon. The reference of an isolated bone 
to its species when the region to which it belongs is previously un- 
known is necessarily a matter of probabilities. 
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38. Note on the Os Pusis and Iscurum of ORNITHOPSIS EUCAMEROTUS*. 
By J. W. Hurxz, Esq., F.R.S., F.G.8. (Read March 22, 1882.) 


[Puate XIV.] 


In four communications on remains of this remarkable aberrant 
form of Dinosaur which the Society has published in its Quarterly 
Journal, I have described and figured its cervical and thoracic 
vertebre, and noticed the affinity which these suggest with Ceteo- 
saurus oxoniensis, and also with certain North-American Dinosaurs 
described by Profs. O.C. Marsh and Cope. At the date of my last 
eommunication (1879), I was unable to lay before the Society any 
information respecting the vertebre behind the thorax, or the 
girdle- and limb-bones. None of these had been found by Mr. Fox 
or myself in such close association with vertebre of the forms I 
described as to demonstrate that they were parts of one skeleton ; 
and in the absence of this, the expectation that the posterior verte- 
bree and the other bones should exhibit a textural and constructive 
agreement with the vertebre known to us constituted during several 
years an insuperable obstacle to their identification. 

The removal of this prejudice we owe to the recovery in Colorado 
of a large series of remains of allied forms, in excellent preservation, 
which demonstrate in the posterior vertebre the absence of the side 
pits and chambers that are so conspicuous a feature in the cervical 
and thoracic centra, and the solidity of the posterior centra, as also 
of the girdle- and limb-bonest. 

The figures already published by Profs. O. C. Marsh and Cope have 
confirmed an identification that I made in 1873 of three bones then 
recently acquired by the late Rev. W. Fox; and they enable me now 
to make another step in the reconstruction of Ornithopsis. These 
bones, lately purchased as part of the Fox Collection by the British 
Museum, were bought by Mr. Fox with several of his finest typical 
thoracic vertebre of Ornithopsis, and a couple of other vertebra, 
which, considering them Ceteosaurian, he threw aside, as he never 
placed any value on these. Two of these bones appeared to me to be 
unmistakably ischia, and the third a pubis. Mr. Fox permitted me 
to take a rough sketch of them; but for a long time he would not 
allow their complete extrication from the rock, nor the readjustment 


* Synonyms: Eucamerotus, Hulke; Bothriospondylus (in part), R. Owen; 
Chondrosteosaurus, R. Owen. 

t Its affinity with Camarosaurus, Cope, was discussed by Prof. R. Owen in a 
paper in the Ann. & Mag. Nat. Hist. Sept. 1878, “ Restoration of Chondrosteo- 
saurus,’ the name substituted for Bothriospondylus, under which he had pre- 
viously described (Pal. Soc. Mem. 1875-1876) some vertebral remains in the 
British Museum, including the centra (nos. 2239, 28362) upon which, in 1869, 
Prof. Seeley had founded the genus Ornithopsis. 

t Prof. O. C. Marsh writes to me, under date Dec. 24, 1881, that he had 
nearly completed a memoir on these Sauropoda, illustrated by 90 quarto 
plates. 


ISCHIUM OF ORNITHOPSIS EUCAMEROTUS. ofe 


of the many fragments into which they were broken. This has now 
been accomplished by the skilful mason of the national museum, 
under the instruction of Mr. Davies, who has succeeded beyond my 
expectation in joining together these valuable relics. 

-The Os Pubis (Pl. XIV. fig. 1, P) is an oblong flattened bar 73 
centim. (28§ in.) long, with a breadth of 28°6 centim. (112 in.) 
and 27°5 centim., (102 in.) at its proximal and distal ends, and 
of 23 centim. (9+ in.) at its middle, where, however, the posterior 
border is mutilated. The proximal end is divided into two parts. 
Of these, the posterior, 10:1 centim. (4 in.) long by 5°5 centim. 
(21 in.) wide, is an arc of a large circle; it is smooth, and evidently 
formed part of the circumference of the acetabulum. The other part 
of the proximal end, anterior in position to that just described, is 19 
centim. (74 in.) long, and 7-5 centim. (3 in.) wide at its middle, from 
which its width decreases forwards to the angle where the end meets 
the anterior border of the bone; this part, now somewhat damaged, 
was evidently united to the pubic process of the ilium. The anterior 
border, fortunately entire, stouter than the posterior, is shghtly in- 
curved near the ends, and intermediately throughout nearly its whole 
length almost straight. The posterior border, for a space of 20°3 
centim. (8 in.) from the obtuse angle it makes with the upper end of 
the bone, is nearly straight, and throughout this extent it articulates 
with the ischium. Below this articular portion the remainder of 
the border, non-articular, takes first a deep incurve, and then curves 
outwards with the widening of the bone at its distal end. This 
strong incurve of the border between the two ends appears to have 
been interrupted at its middle by a slight projection, where also 
is a slight inflexion of the border towards the interior of the pelvis. 
The exact form of this part is no further ascertainable, some 
pieces having been broken off and lost. The distal end of the bone, 
now 27°5 centim. (104 in.) across, was originally wider, as the pos- 
terior angle is mutilated. It is stout, being at the middle 9 centim. 
(34 in.) thick; and inferiorly, and on its inner aspect, it has the 
roughness indicative of a symphysial union with its fellow bone of the 
other side of the pelvis. 

An oval foramen, 8-3 centim. (32 in.) in its long diameter, pierces 
the pubis near its upper end in the angle included by the acetabular 
and ischiatic margins. 

The Jschium (Pl. XIV. fig. 1, /s.) is a narrower, stouter, and more 
curved bar than the os pubis, than which it is also shorter, a straight 
line joining its extreme points measuring 65 centim. (252 in.). Its 
greatest breadth nearly in the mid-level of the pubic articulation is 
19 centim. (71 in.), its distal end is 17-7 centim. (7 in.) wide, and the 
middle is its narrowest part, being somewhat more than 10 centim. 
(33 in.) across. Its upper end, like that of the os pubis, consists of 
two parts. Of these, the posterior, very stout, rises high above the 
other. It has a rudely oval sectional outline 14 and 7-7 centim. 
(54 and 24 in.) in its two diameters ; and its surface has a roughness 
which plainly speaks of its junction with the ilium. The other part 
of this end lying in front of that just described is a curved, smooth 
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surface, plainly acetabular. It is continuous with the adjomimg 
smooth acetabular part of the os pubis, than which it is slightly wider. 
The distal end of the ischium is thin, and quite unlike that of the os 
pubis ; itis devoid of indications of symphysial union with its fellow 
_ bone of the other side ; and since it is nearly perfect it may be re- 
garded as certain that no such union was ever present. The posterior 
border, stout and rounded, forms a large simple curve from end to end. 
It is the stoutest part of the bone, attaining its greatest thickness 
in the iliac process, and decreasing from this towards the distal end. 
The anterior border, much less stout than the posterior, has near 
the acetabular end a flat straight surface by which it was connected 
with the os pubis. In the rest of its extent it is non-articular. 
A change in the direction of its surfaces towards its ends gives the 
ischium the illusive appearance of atwist. At the upper end a line 
drawn across the bone in the direction this is thought to have had 
in the articulated skeleton would be approximately parallel to the 
vertebral column, whilst a second line drawn across the surface near 
the lower or distal end of the bone would cut the first line at a small 
angle. 

The cortical bony tissue of the os pubis and ischium is compact, 
and its external surface is smooth; but these characters are much 
less pronounced than in the chambered thoracic and cervical ver- 
tebre, and the cancellous tissue makes no approach to the megacel- 
lular texture so conspicuous in them. 

A moment's comparison of the side views of the pelves of Jqguano- 
don* and Ornithopsis (Pl. XIV. fig. 1) will suffice to show how widely 
different are the form and arrangement of the constituent bones of the 
os innominatum. In Jyuanodon the ischium and the long, slender, 
rod-like part of the os pubis (post-pubis as Prof. O. C. Marsh terms 
it), whichis the homologue of the os pubis of Ornithopsis, are much 
more slender than the broad, flattened, plate-like form of the same 
bones in this latter. In Jguanodon they are placed parallel to each 
other, whereas in Ovnithopsis their distal ends are widely separated. 
The ischium of Ornithopsis in those respects in which it differs 
greatly from that of Jguanodon roughly resembles that of Megalo- 
saurus. It was this resemblance which chiefly guided me in 1873 
in my determination of the skeletal position of the bone. 

It is, however, in the pelvis of Cetcosaurus owoniensis amongst 
‘British Sauropsida that the strongest resemblance to that of Orn- 
thopsis is to be found. The similarity of their os pubis and ischium 
is so evident as to need no comment other than that it is an addi- 
tional evidence of their affinity, to which in 1871 I called attention 
upon the evidence of their vertebral remains. But a still closer re- 
semblance is to be found in the pelvis of Atlantosaurus immanis, If 
we exclude some very trivial details, the figure of this given by Prof. 
OQ. C. Marsh, in his ‘ Principal Characters of American Dinosauria,’ 
shows, as regards the os pubis and ischium, an extremely close agree- 
ment with those of the Wealden Saurian (PI. XIV. fig. 2). 

In the similarity of the constituents of its haunch-bone to those 

* Quart, Journ, Geol. Soc. vol. xxxii, p, 365, fig, 1. 
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of Cetcosaurus oxoniensis aud Atlantosaurus, Ornithopsis departs from 
the original Dinosaurian scheme as typified by Iguanodon, and takes 
the direction of Lacertilia, in which the postpubic extension, so de- 
veloped in the os pubis of Jguanodon, is absent, and there is no os- 
teally closed obturator foramen. It differs, however, from the Lacer- 
tilian haunch-bone in the absence of ischial symphysis, unless I have 
been deceived on this point; and also from the Crocodilian form 
notably in the inclusion of the os pubis in the acetabular circle. 

These and other associated departures from the typical Dino- 
saurian patterns have led Prof. O. C. Marsh to place Atlantosaurus 
with other of the newly discovered Colorado Sauria in a special sub- 
order of Dinosauria, the Sauropoda, in which Ornithopsis clearly 
finds its proper place. 


PostscRtPt. 


For reasons stated in a former paper I adhere to the prior generic 
name Ornithopsis, given by Prof. H. G. Seeley; and since this genus 
was founded on two vertebral centra (Nos. 2239, 28362, Brit. Mus. 
Catal.) which there are grounds for referring to distinct species, I 
adopt Hucamerotus as the specific name of the subject of this note, 
and reserve the specific name Mulke, given by Prof. Seeley, for 
the Saurian indicated by the fossil No. 2239. The annexed list 
contains all the references I can find to papers giving descriptions 
of fossils referable to this genus. 


Inst of Papers on Ornithopsis. 


1. Mantell,G. A. Fossils of the British Museum, p. 250. 8vo, 
London, 1851. 
(Notice of no. 2239 fossil in Brit. Mus., regarded by author 
as tympanic of Jguanodon.) 
2. Mantell, G. A. Geology of 8.E. of England, pp. 305-306, pl. ii. 
fig. 5. 
(Notice of same fossil.) 


8. Owen, R. Reporton British Fossil Reptilia in Reports of Brit. 


Assoc., vol. for 1841, p. 124. 

4, Owen, R. Monograph of Foss. Rept. of Wealden Formation in 
Pal. Soc. vol. for 1854, p. 18, pl. x. 

(3, 4. Notice of same fossil. The author accepts Mantell’s 
determination, but suggests it may have belonged to Ceteosaurus 
or Streptospondylus.) 

5. Seeley, H.G. On Ornithopsis, a Gigantic Animal of the Ptero- 
dactyle kind from the Wealden. Annals & Mag. of Nat. Hist. 
ser. 4, vol. v. p. 279 (1870). - 

(A paper on the fossil no. 2239, recognized by the author as 
a vertebral centrum, and on another centrum, no. 28362 in 
Brit. Mus.; read before Camb. Phil. Soc. 22 Nov. 1869.) 

6. Hulke, J. W. Note on a new and undescribed Wealden Vertebra. 
Quart. Journ. Geol. Soc. vol. xxvi. p. 318 (1870). 

(Description of the neural arch of a thoracic vertebra under 
the name of Hucamerotus.) 
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7. Hulke, J. W. Appendix to above note. Op. cit. vol. xxviii. 
p- 36 (1871). 

(Eucamerotus, Hulke, identified with Ornithopsis, Seeley.) 

8. Owen, R.  Bothr iospondylus magnus, Monograph Brit. Foss. 
Rept. Mesozoic Formation, part ii. pl. vii. Pal. Soc. vol. for 
year 1875. 

(Description and figure of fossil in Brit. Mus. no. 28362). 

9, Owen, R. Chondrosteosaurus magnus, synonym Bothriospondylus 
magnus. Foss. Rept. Wealden and Purbeck Formations, supp. 
no. vil. p. 7 (1876). 

10. Owen, R. On the Occurrence in North America of Rare Extinet 
Vertebrates found fragmentarily in England. Part I. Resto- 
ration of Chondrosteosaurus. Ann. & Mag. Nat. Hist. ser. 5, 
vol, 11. p. 201, pls. x., xi. (1878). 

11. Hulke, J. W. Note (3rd) on Lucamerotus, Hulke (Ornithopses, 
H. G. Seeley). Quart. Journ. Geol. Soc. vol. xxxv. p. 572 
(1879). 

12. Hulke, J. W. Supplementary Note on the Vertebree of Orni- 
thopsis. Quart. Journ. Geol. Soc. vol. xxxvi. p. 31, pls. iii. iv, 
(1880). 


EXPLANATION OF PLATE XIV. 


ig. 1, Pubis and Ischium of Ornithopsis cucamerotus, one fourth nat. size. 
P. Os pubis: ac, its acetabular part; é, its iliac part; /; foramen ; 
v, its dilated ventral symphysial end. Js. Ischium: the letters in- 
dicate the same parts as do the corresponding letters in the pubis. 

. Pubis of Atlantosaurus tmmanis, O. C. Marsh, one twentieth natural 
size. Il. lium, P. Pubis. Js. Tschium. (Copied, reversed, from 


the ‘American Journal of Science and Arts,’ ser. 5, vol. xvii. pl. Vil. 
fig. 2.) 


= 


Discussion. 


Prot. Sertey asked for the evidence on which these bones were 
referred to Ornithopsis. He agreed with the author as to the 
similarity of this and certain American forms, and also as to their 
affinities with other reptilian types. He thought the evidence should 
have been given on which it was proposed to separate into two species 
the two vertebree which he had first described as belonging to Orni- 
thopsis Hulkei, as supposed by Cope and the author, before referring 
these pelvic bones to either species, supposing them to be distinct. 

The Avruor replied that the pelvic bones were found imbedded in 
the same block with several vertebra of Ornithopsis. The similar 
American pelvic bones were associated with vertebrie wonderfully like 
those of Ornithopsis. He thought that the form and proportions of 
the two vertebre in the British Museum, on which the genus was 
founded, were so different that we are justified in believing them to 
have belonged to two distinct species. 
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39. Nores on the ANNELIDA Tusicoxa of the Wentock SHAtzs, from 
the Wasutnes of Mr. Grorcr Maw, F.G.S. By Groner Rozert 
Vine, Esq. Communicated by Prof. P. Martin Duncan, 
F.R.S., V.P.G.S. (Read June 7, 1882.) 

[Puate XYV.] 

Tue bibliography of this very interesting group of animal remains 

is comparatively scanty if compared with the literature of some 

other groups. In his celebrated ‘ Petrefacten’ (1820) Schlo- 
theim founded the genus Cornulites for the inclusion of “ certain 

Silurian fossils of somewhat doubtful affinities, but apparently most 

. nearly allied to the tubicolar annelids”*. In the ‘ Silurian System,’ 

published in 1839, species found in the Upper and Lower Silurian 

were identified with species described by Schlotheim ; and since 
then authors have referred specimens to either Yentaculites or 

Cornulites. In ‘Siluria,’ and also in the ‘Cambridge Catalogue,’ 

Salter rectified somewhat the earlier errors by showing that some 

at least of the casts of specimens had been referred to as separate 

species. In his ‘ British Palaeozoic Fossils’ M*Coy redefines and 
limits the species of previous authors; but he adds little to our 
knowledge of the group generally. It is to Prof. Nicholson, whilst 
working amongst the American Paleozoic fauna, that we owe the 
most detailed account of Tubicolar Annelida, and that from mate- 
rial collected by himself. In working over the species which had 
previously been identified as Tentaculites he first saw the necessity 
of founding new genera for their reception. Ycntaculites + was re- 
defined and limited, and Prof. Nicholson separated this group from 
ordinary Tubicolar Annelida; but 1 am not prepared to say that 

Tentaculites belongs to the Pteropoda. Following, however, the 

example set by Nicholson, I shall keep them separate, and deal 

with their structural peculiarities further on. The new genera 
founded by Nicholson are Conchicolites and Ortona. 

In Emmons’s ‘ Manual of Geology ’ (1860), p. 103, a figure is 
given of Cornulites arcuatus as one of the fossils of the Clinton group 
of rocks possessing characters altogether different from Cornulites, 
and more like Conchicolites of Nicholson. 

Tn the ‘ Catalogue of Cambrian and Silurian Fossils in the School 
of Mines’ Mr. Newton furnishes us with a very poor list of British 
Silurian species as preserved in the museum in Jermyn Street :— 


Bee! a be 5 eaidsns\ "a, Serpulites ceratoides, Wyatt-Edgell, MS. 
Upper Llandovery .. Cornulites serpularius, Schlot. 
Wenlock Shale...... 2 a Ny 
Serpulites curtus, Salter. 
Spirorbis, sp. 
Wenlock Limestone... Cornulites serpularius, Schlot. 
Serpulites perversus, M‘Coy. 
Spirorbis Lewisit, Sowerby. 
* Nicholson, Amer. Journ. Sci. 1872. 
+t Amer. Journ, Sci, & Arts, vol. iii, March 1873, p, 204. 


378 G. R. VINE ON THE ANNELIDA TUBICOLA 


Some of these species, with the addition of others, ranged into the 
Lower and Upper Ludlow, interesting particulars of which are given 
in the Presidential Address to the Geological Society in 1881 by 
Mr. Robert Etheridge, F.R.S. 

I have been allowed to examine the typical specimens of Ortonia 
and Conchicolites which Prof. Nicholson has described in his various 
writings, and also the Tentaculites minutus of Mr. James’s MS. I 
cannot but accept the two genera of Nicholson; but the specific 
characters of the American are not wholly applicable to British 
specimens. J am therefore compelled to describe them as new. 
In dealing with this group I have endeavoured to represent as fairly 
as possible the views of other authors; yet the very poor details 
furnished by them give small help in the way of original research. ~ 
Nearly all the species are described superficially, and but little evi- 
dence of structure is afforded. Some of the figures in Murchison’s 
‘Siluria’ and in the ‘Silurian System’ are represented as having 
been polished, and so the peculiar characters of the walls of the tube 
are shown. ‘The striation, too, of the smaller specimens of Cornulites 
can be examined, so as to obtain evidence of superficial structure ; 
but as some of the examples * in the ‘Siluria’ are represented as 
being wholly attached to some foreign object,’and as one of the cha- 
racters of the genus Cornulites is that it is “‘ attached by its smaller 
extremity to some foreign body,” the species thus figured must of 
necessity be placed in another genus. I shall therefore arrange the 
described genera of Tubicolar Annelida of the Paleozoic formations 
as follows :— 


I, Cornvxites, Schlotheim, Petrefacten, 1820. 
Tube annulated, striated longitudinally, attached by some por- 
tion of its extremity to foreign bodies. 
TI. Concurcorrres, Nicholson, Geological Magazine, Feb. 1873, 
Tube annulated, devoid of longitudinal stris, slightly curved, 
attached by its smaller extremity to foreign bodies. 
TII. Orronta, Nicholson, Geological Magazine, October 1872. 


Tube annulated ; cellular or not along the surface opposite to 
its attached portion ; slightly flexuous and attached along 
the whole of one side to some foreign body. 


IY. Sprroreis, Lamarck. 


Tube spirally twisted into an orbicular form, depressed, and 
adhering below. The spiral may be cither right-handed 
(dewtral) or left-handed (sinistral). 


V. Tentacutires, Schlotheim, Petrefacten, i. p. 377 (1820). 


Tube annulated; devoid of longitudinal strive or of cellular 
structure; conical, straight, tapering towards one extre- 
mity, and wholly unattached to any foreign body. 


* Plate xvi. ‘Siluria,’ ed. 1859, 
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AsIam not aware of the existence of any special terminology 
applicable to fossil Tubicolar Annelida, the following explanations 
of the few terms I shall use in my descriptions may be appreciated. 

Tube: the whole of the shell of any one of the species. 

Superior annulations: the ring-like divisions of the walls of the 

tube which show structure in section. 

Inferior annulations: the intervening rings between the superior 

annulations in Tentaculites &e. 

Lateral annulations: the prolonged annulations by means of 

which the tube is attached to foreign bodies. 

Longitudinal strie: markings having a structural character which 

cover the external surface of one genus of Tubicolar Annelida. 

Intersected striz: strive, longitudinal or transverse, intersected 

by other striz. 


Subkingdom ANNULOSA. 
Division BRANCHIATA., 
Class IT. AnwneEnma. 
Order III. TUBICOLA. 


Body protected by a calcareous or arenaceous tube. Branchise 
attached to or near the head. 


Genus Cornuxires, Schloth. 


In this genus the animal was solitary, inhabiting a shelly tube of 
carbonate of lime. The tube gradually tapering and slightly flexu- 
ous, attached by its smaller extremity to some foreign body. Walls 
of the tube very thick, composed of numerous imbricating conoidal 
rings, their widest edge next the slender base , subirregular in old 
specimens, more or less distorted or obliquein the young; external 
surface obscurely annulated, finely striated longitudinally; inner 
surface and casts scalariform, with two or three longitudinal furrows*. 
The only well-known species, C. serpularius, Sch. 

Ref. Schloth. Petref. t. xxix. fig. 7; Sil. Syst. t. xxvi. figs. 5-8. 

In the ‘ Cambridge Catalogue,’ p. 128, Salter describes C. serpu- 
larius, Schl., as ‘a shelly tube, with cellular varices (knots) like 
Tentaculites, also grows in knots of 3, 4-8 young shells, separating 
afterwards.” 

Ref. Siluria, 2nd ed., pl. xvi. figs. 3-10. 

Loc. and Formation. Typical Cornulites, Wenlock Limestone. 

Dwarf specimens about an inch long, Upper Ludlow Rocks, 
Westmoreland. [cannot identify any of the species found in the 
Wenlock shales with either the typical C. serpularius, Schl., or the 
dwarf specimens referred to by M‘Coy in his Brit. Paleeozoic Fossils, 


1. CoRNULITES sSCALARIFoRMIS, n. sp. (Pl. XV. figs. 1, 9 & 10.) 


? Tentaculites scalaris of Sil. System and Siluria. 
2? Tentaculites anglicus of authors (part of Salter’s sp.). 


* Brit. Pal. Fossils, p. 63; and Nicholson, “On the Genera Corniulites,” &e.. 
Am, Journ. Sci. 1872, vol. iii. p, 203, 
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Tube hollow, attached by a portion of its proximal end to foreign 
bodies, the greater portion free. Very many fragments frequently 
found in the shales, varying from about a quarter to three quarters 
of an inch. Annulations superior, separated by depressed inter- 
vals, which give to the fragments a kind of scalariform aspect; 
strongly marked with ‘“ longitudinal” strie, the width of which 
varies from ;1, to ;4z of an inch ; the tube is again marked with 
transverse intersected striz, varying from =1; to 51, of an inch in 
width. ‘This cross-hatching gives to the tube a very peculiar cha- 
racter, and in all probability represents “ cellular varices ” of Salter 
and others. 

Loc. Lower Wenlock Shales, no. 40; Upper Wenlock Shales, 
Tickwood beds, no. 41. Rarein both beds. 

Remarks. It is quite possible that C. scalariformis may be upon a 
cursory examination identified either with Tentaculites anglicus or the 
smaller specimens of Cornulites serpularius of authors. The anoma- 
lous characters of both of these species cause me to approach them 
with a great amount of diffidence ; and I am not certain that I shall 
improve the anomaly by the doubtful synonyms I have placed under 
the species described above. ‘The following are my principal reasons 
for removing this species from the region of doubt. The peculiar 
annulations and striation of C. scalariformis are unique. I know 
of no other species with which I can compare it. In Salter’s 7’. 
anglicus the external walls of the tube are longitudinally marked, 
and the transverse section shows by the small opening that the real 
diameter of the tube corresponds with the contraction of the verte- 
bra-like section, which professes to be an enlargement of a fragment 
of the more perfect specimen. Otherwise than this there is no corre- 
spondence between the two types. Again, the structure of the walls 
of the tube when examined in section is altogether different in C. 
scalariformis from that of any typical Tentaculites. Salter’s species 
is straight and unattached(?). This is sufficient in itself to show 
amongst which group it should be placed if it bea true Tentaculites ; 
but I have satisfactory evidence that the species described above was 
not free, 

Since writing the above I have been furnished with examples of 
the species from Gotland by Professor Lindstrdém, of Stockholm. 
One fragment is attached to a valve of Meristella (Whitfieldia) 
tunuda, and the proximal end is covered by a coral growth; the 
other specimens are unattached, but are identical with our own. 
The following are the microscopical characters of this species :— 

Tube hollow, having a somewhat uniform diameter, which corre- 
sponds with the growth of the shell, widening gradually from a 
diminutive point to the distal extremity. Interior filled either with 
clay or calcite. Walls of the tube still retaining their normal cha- 
racter, varying in thickness from 4, to 5), of an inch. Superior 
annulations permeated by circular, oval, or angular cavities, a cha- 
racter which will be seen to more advantage in the drawing. In 
the transverse section of the species the longitudinal strie appear 
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like spines, and these are developed apparently from an outer layer 
of the wall of the tube. Walls partaking of a laminar structure. 

I have examined a great number of recent and fossil Annelida, 
but I cannot find in any of the calcareous tubes special charac- 
ters corresponding with those of C. scalariformis. It is therefore to 
be hoped that this crude description will direct towards the Cornu- 
lites of the Silurian epoch the attention of critical paleontologists 
both at home and abroad. 


Genus Concuicorires, Nicholson.’ 


Conchicolites, Am. Journ. of Science, March 1872. Type C. gre~ 
garius, Nich. 

Conchicolites, Geol. Mag. Feb. 1873. Sp. Conchicolites corru- 
gatus.* 

This genus was founded by Nicholson, and referred to in full in 
the above papers and in his Paleontological and Natural History 
Manuals, for species which in all probability would be referred by 
authors to Cornulites, Schlot. The distinction between the two 
genera 1s something more than merely superficial ; there are struc- 
tural differences which widely separate the two groups, and in this 
paper I have given in my synopsis the leading and typical characters 
of the genera. I have not the material at hand to reexamine Cornu- 
lites, and I have only reproduced the textual outlines of previous 
authors. This is to be regretted; but I was unable to obtain speci- 
mens fora closer examination. I have, however, gone very care- 
fully over the whole of the figures and text of both the ‘Silurian 
System ’ and ‘Siluria,’ and also the details of Prof. M‘Coy. In the 
separation of the present genus from Cornulites Prof. Nicholson has 
my warmest appreciation. 


2. Concuicotites NicHotsonr, n. sp. (Pl. XV. fig. 2.) 


Tube minute, calcareous, varying in length from 1 to 2 lines. An- 
nulations very irregular, close or compacted together near the proxi- 
mal end, rather more separated towards the distal end, the average 
number about ten toaline. Proximal end of the tube connected by 
lateral annulations to foreign objects, the remaining portion free. 

Loc. Rather common in the Buildwas beds, no. 22; rare in the 
other washings. It is also present, but not abundant, in the Tick- 
wood beds, nos. 25and 42. Abovethese beds I have not detected it. 

This beautiful and delicate Annelid I dedicate to Prof. Nicholson, 
on account of the very valuable labour which he has bestowed upon 
this genus. The species is a variable one, especially in the upper 
beds, but more in its manner of attachment than in the delicacy 
of its annulations. Beginning asa mere point, the tube assumes 
its normal character very early. For about 4, of an inch the 
rings are very fine, and these are produced laterally, as the mode 

* Jn this paper and description of figures the student must reverse the 
figures in text, &c.:—Figs. 2, 2a. Ortonia ménor; figs. 3, 3a. Conchicolites 
corrugatus. 
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of attachment to foreign objects, either corals or shells. After 
the tube becomes fixed there is a gradual bending outwards, and 
sometimes for more than two thirds of its length it is free. Nearly 
all my specimens are separate in the shales, and I cannot there- 
fore give any information as to whether the species was solitary or 
social, 


3. CoNCHICOLITES GREGARIUS, Nicholson. 


Conchicolites gregarius, Nicholson, Amer. Journ. Sci. March 1872 ; 
Geol. Mag. Feb. 1873; Manual of Paleontology, &e. 


Var. RUGOSUS, N. Var. 


Tube calcareous, varying in length from 2 to 4 lines. Annula- 
tions irregular and rugose, sometimes entire or completely surround- 
ing the tube, at other times forming imperfect rings only, about four 
in the space of a line. Diameter of the tube varying from three 
quarters of a line to a line; mouth about half a line. Attached by 
some portion of the proximal end of the tube and by lateral annu- 
lations to foreign bodies. 

Loc. Rather common in small fragments in the Buildwas beds, 
no. 22. Finely preserved in 38 and 40. Very rare in Coalbrook- 
dale beds, no. 43. Present but not abundant in Tickwood beds, 
no. 25. 

There is no possibility when care is exercised of confounding the 
present species with the former. ‘The abundance of the two species 
in the same beds (no. 22 washing) affords a good opportunity of 
making a comparison between them. I have some specimens of C. 
Nicholsonii nearly the same length as the C. rugosus, and I can find 
that from the beginning and throughout the whole growth of the 
tube the characters of the two species are clearly defined. I have, 
however, preferred to give this type a varietal rather than a specific 
name. I cannot say positively that this is a form of Nicholson’s 
species, but there seems to me a probability of its being so. When 
C. gregarius was described, the author had to depend on either a 
clustered mass attached to a shell of Orthoceras Brongniarti or 
upon casts. Neither of these show any structure; but the cast 
figured by Nicholson * is so characteristic of Conchicolites, that I 
feel a pleasure in being able to remove any difficulty that obscures 
the description. Still there is a doubt, and to avoid any confusion 
I have fully described the variety. 

There is a remarkable peculiarity about the superior annulations 
of C. rugosus. Whenever the tube is worn and the rotundity of the 
annulations destroyed there appears to be a number of lines only, 
and the space between these filled in with matrix. In normal 
character the rings are like an ordinary wedding-ring, round on 
the outside. If this rounded part be slightly rubbed small cavities 
appear, like pin-holes ; more rubbed, these are widened into lines ; 
deeper still, the apparently solid ring is divided into two lines, and 


* Manual of Paleontology, vol. i. p, 312, fig. 182 (ed. 1879). 
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the matrix seen in rubbed specimens is the contents of the rounded 
hollow annular layers of growth of the tube. A very close corre- 
spondence therefore exists between this ancient type of Tubicolar 
Annelid and a similar one dredged from the Bay of Naples (50 
fathoms), picked out from material sent to me by Mr. A. W. Waters, 
F.G.S. The recent species is not much longer than C. Nicholsoni, 
but it reveals the structure of the annular layers very satisfactorily ; 
and one of my specimens is attached by its proximal end to a frag- 
ment of shell, but the point of attachment is covered by a small 
colony of Cellepora; the rest of the tube is free. 


Genus Orronra, N icholson. 
Ortonia, Nicholson, Geol. Mag. 1872. Type O. conica, Nich., 


Silurian. 

Ortonia, Nicholson, Geol. Mag. 1873. Sp. O. minor, Nich., 
Silurian. 

Ortonia, Nicholson, Geol. Mag. 1874. Sp. O. intermedia, Nich., 


Devonian. 


This genus was originally founded by Prof. Nicholson for the 
first of the three species named above. Ortonia conic is of a cellu- 
lar character along the plane opposite to the plane of attachment. 
The other species are somewhat different from the original O. conica ; 
and upon the publication of the characters and figures of O. minor 
Mr. John Young, of Glasgow, published in the ‘ Geological Magazine,’ 
1874, his description of Ortonia carbonaria* of the Carboniferous 
formation of Scotland as nearly identical with O. minor. I can now 
add to our British Silurian fauna at least two types of this genus 
from the Wenlock Shales. 


4, Orvonta contca, Nicholson. 
Ortonia conica, Nicholson (type), Geol. Mag. 1872. 


Var. PSEUDO-PUNCTATA, n. var. (Plate XV. fig. 3.) 


Tube solitary, slightly flexuous, adherent to stems of Crinoids ; 
average length about two lines. Along the plane opposite to the 
attached side are apparently minute punctures, corresponding to 
the punctured surface of the type species. Walls of tube compara- 
tively thick ; mouth or orifice small. Attached by lateral annula- 
tions. In one specimen, two lines in length, there are sixteen rings, 
most of which are prolonged laterally. 

Loc. Buildwas beds, 22 and 38. 

This variety is better preserved in no. 22 than in no. 38. It is 
very rare, however, in the first-named washing, but rather more 
abundant in the last. It has, as will be seen by the description, 
many of the characters of the species ; the most marked differences 
are the size and the punctations of the surface. 


* T have a fine series of this type in my cabinet, which has been a very great 
help to me in the study of the Silurian species. 
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5. ORTONIA SERPULIFORMIS, n. sp. (Plate XV. fig. 4.) 


Tube minute, attenuated-flexuous ; adherent to species of corals ; 
varying in length from one and half to two lines, but much more 
delicate in every respect than the last species. Tube adherent by 
its whole length; and in one specimen, in which the coral was too 
small, the distal part of the tube, gradually adapting itself to cir- 
cumstances, turned over, and became adherent to the cross section 
of the coral. 

Loc. Middle Wenlock Shales, Coalbrookdale beds, no. 48; Upper 
Wenlock Shales, Tickwood beds, no. 25. 

Specimens of this species are rare, and I have not found it in any 
of the washings except the above, and only on corals. I cannot 
identify it with any of the species described by Prof. Nicholson; and 
as it closely resembles the attenuated proximal end of Serpula ver- 
micularis of Brown’s ‘ Conchologist’s Text-Book,’ pl. xix. fig. 14, 
I give it the above specific name. I do not know the recent 
species; and without having details of the species figured, I haye no 
desire to make any comparison between the recent and the fossil 
type. 

Genus Srrrorzis, Lamarck. 


6. SprrorBIs ARKONENSIS, Nicholson. 
New Devonian Fossils, Geol. Mag. 1874. 


Tube minute, dextral, of two turns, the last turned upwards. 
Aperture circular. The diameter of the entire spiral is about one 
third of a line. Surface sparingly marked with annulations. 

Loc. Buildwas beds, no. 22 ; Tickwood beds, no. 25. In this bed 
there is only a section of the tube preserved. 

I have adopted Nicholson’s name S. arkonensis for this most 
delicate Annelid. In my description I have accepted in part the 
diagnosis of the American Devonian fossil. There is a slight differ- 
ence in the two forms, but so slight indeed that, unless one wanted 
to be very scrupulously exact, the two may pass unnoticed under 
one name. In measurement, but not in ornamentation, the two 
species are as nearly as can be the same. 

Species belonging to this genus are exceedingly rare in the shale- 
washings. Only two out of the eleven localities have as yet yielded 
me specimens. One specimen from no. 22 is tolerably perfect and 
on a fragment of shell; the other is a section (base) of the tube on 
the tube of Conchicolites Nicholsont. The specimen from no, 25 is 
on a fragment of coral; and this, too, is only a section. 

The record of Spirorbis as a Silurian fossil is very meagre. No 
evidence is afforded by the collection in the School of Mines that it 
existed prior to the period of the Wenlock Shales. As the shales 
are derived from rocks of a previous age, its true home is not yet 
found. Very little additional detail is given in Mr. Robert Ethe- 
ridge’s famous address to the Geological Society. For specific de- 
tails Sowerby’s, so far as | am aware, is the only British species 
described. The following are the recorded Silurian species :— 


— 
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Lower Wenlock Shales. 

Buildwas beds, 22 ........ eo act Spirorbis arkonensis, Nich. 

Coldwell Flags, Westmoreland .... Spirorbis, sp., Wyatt-Edgell. 
Upper Wenlock Shales. 

mrckwood beds, 20°. oo. ans sue os Spirorbes arkonensis, Nich. 
Wenlock Limestone. 

School of Mines Cat. p. 101 ...... Spirorbis Lewis, Sow. 
Upper Ludiow. © 

School of Mines Cat. p. 117 ...... Spirorbis, n. sp., Murch. 
Bone-bed. 

School of Mines Cat. p. 129 ...... Spirorbis Lewis. 


An important addition to my cabinet is a slide containing two or 
more species of Spirorbis and several specimens, given to me by 
Mr. Smith, and procured by him from the washing of shales from 
Lincoln-Hill Iron Bridge. It is beside my purpose to enter into 
details respecting these, because they do not belong to the shale- 
washings of Mr. Maw. I allude to their existence to prevent any 
misconception that may arise in the mind of the student when read- 
ing my remarks on the paucity of Spirorbes in the shale-washings. 


Genus Tenractirres, Schlothem. 


Tentaculites, Restricted by Nicholson, American Journ. of Science, 
1872, p. 204. 

The genus TVentaculites, like many other Paleozoic genera, has 
had a very chequered paleontological history. By its author cer- 
tain forms were regarded as the tentacular appendages of some of 
the Crinoids. Species figured in the ‘Silurian System’ were placed 
amongst the ‘“incerte sedis.” In M‘Coy’s ‘ British Paleozoic 
Fossils’ they were similarly placed; but one of the authors says, 
“I can see no reason for believing these bodies to be portions of 
Crinoids, as suggested by many authors, much less spines of Lep- 
tana, as suggested by others; their small size, general form, and 
the appearance which large clusters of them often present on the 
surface of the beds, gives one the idea of their belonging to the 
Pteropoda..... Their being unattached, small size, and straight, 
regular form, separate them from the allied genus Cornulites” *. 
The same view of the zoological position of Tentaculites is taken by 
Prof. Nicholson in his various writings. Salter, however, believed 
these, as well as the species of Cornulites, to belong to the Tubicolar 
Annelida: and Mr. Robert Etheridge}, seems to take a similar view 
in his address to the Geological Society. 

Not knowing the special structure of the shell of the Pteropoda, 
to which the Paleozoic species may possibly be allied, I cannot 


* Brit. Pal. Fossils, p. 63. + Presidential Address, 1881. 
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institute the comparison that I should wish. If it be placed with 
Theca of Morris, a synonym of which is the Creses of Forbes, then 
the nearest approach to the type is the Atlantic species C. aciculata, 
Rang; but in this type, as figured in Woodward’s ‘ Manual of the 
Mollusca’ (pl. 14. fig. 34), there is no appearance of annulations, and 
this is one of the chief peculiarities of Ventaculites. 

The material for a complete study of this group, irrespective of 
its zoological affinities, is afforded by specimens in the shales. I 
do not think I am justified in placing upon record more than four 
species as prevalent in the washings; but their remains are so abun- 
dant, and so well preserved, that sections of the shells afford reliable 
evidence as to their special structure; and I must be pardoned if I 
step a little beyond the purely geological for the purpose of showing 
the microscopical evidence which the sections reveal. When the 
facts are formulated, a comparison can be made between the shells 
of Z'entaculites and recent Pteropoda. J have been deceived so 
often in the mere external features of Palzozoic fossils when making 
a comparison with recent apparently allied types, that I feel certain 
a check upon hasty conclusions will be of the same value in re- 
searches of this kind to others as to me. There are other inves- 
tigations outside of the pale of paleontological inquiries which 
must act as factors in the lines of research, as well as mere mor- 
phological details, and these must come in to help in the decision 
as to the zoological affinities of fossil types. I refer now espe- 
cially to the masterly address of Dr. Sorby to the Geological Society 
in 1879. 

In this address Dr. Sorby refers to the mineral constituents of 
certain shells, and he says that “this difference in the state of pre- 
servation of fossils, according as they were originally composed of 
calcite or of aragonite, appears to be so well established in all those 
cases in which we are able to ascertain the true mineral nature of 
closely allied living organisms, that I feel myself justified in con- 
cluding that certain doubtful fossil forms were originally calcite, 
because they are preserved like those in the same thin section known 
to have been so; whilst those known to have been aragonite have 
become quite crystalline and lost their original structure”*. Of 
Annelida Tubicola he says, ‘‘ probably calcite, but they include 
many foreign fragments” 7. Further on, again, he says “ The shell 
has usually a more or less distinct laminar structure paraliel to the 
surface of growth. ‘The calcite is in the form of minute granules, 
often without any definite optical orientation”. As the Tentacu- 
lites, which will be referred to again, do retain their original struc- 
ture, we may reasonably suppose that the shell at least was com- 
posed of calcite. I hope that these special mineralogical details will 
assist in guiding our judgment as to the proper zoological position 
of these unique Silurian fossils, as well as the more special and mor= 
phological details of authors. 


* Dr. Sorby’s Anniversary Address, Q. J. G. 8. 1879, vol. xxxv. p. 68. 
+ Ibid. p. 60. t Ibid. p. 63. 
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According to Prof. Nicholson, “ The restricted genus Tentaculites 
may be defined as including small shells which have the form of 
STRAIGHT conical tubes, tapering towards one extremity to a pointed 
closed apex, and expanding towards the other to a rounded aper- 
ture. The shell is rrex ; and its walls are thin, and are surrounded 
by numerous thickened rings or annulations.” I have no evidence 
for the latter clause of Prof. Nicholson’s restricted types; and I 
cannot therefore adopt it in this paper. His words are these:— 
* sometimes with intermediate striw over the whole or part of the length 
of the tube” *. | 

This part of the above is for the purpose of including the peculiar 
species of Salter; and to prevent any misconception, I reproduce the 
bibliography of this remarkable type. 


7. TENTACULITES ANGLIcvS, Salter, Siluria, 2nd ed. pl.i. fig. 3. 


Straight, unattached, worm-tubes, resembling some horny Medi- 
terranean species ; and still more like the Cornulites serpularius of 
the Wenlock and Dudley Rocks (Cambr. Cat. p. 47). 

T. scalaris, Schl., Sil. Syst. pl. xix. fig. 15. 

T’. scalaris, Schl. Llandovery species, internal cast of 7’. anglicus 
(Salter, Siluria, p. 221). 

T. annulatus, Schl., Sil. pl. x. figs. 2 and 3 (ed. 1859). 

T. anglicus, Salter (Siluria, 3rd ed. pl. i. fig. 3); 7. annulatus, 
Sil. Syst. The 7. annulatus is a Devonian form without the fine 
longitudinal striz (Salter, Cambr. Catalogue, p. 76). 

T. annulatus, Salter, fig. 547; Lyell, Elem. of Geology, ed. 
1871 (fig. 553, ed. 1878). 


“Of the sixteen species of Annelida only two pass to the Lower 
and Upper Llandovery, 7’. anglicus and Cornulites serpularius. They 
range alsoto the Ludlow.”—(Mr. Etheridge’s Presid. Address, p. 108.) 

I cannot identify the species in any of the Wenlock-Shale wash- 
ings. If Salter’s figures are to be relied upon, the nearest approach 
to the type is Cornulites scalariformis (see ante, pp. 379, 380); but 
this species is attached, and not free, as 7’. anglicus is said to be. 


8. TENTACULITES ORNATUS, Sowerby. 


Type, ‘Siluria,’ fig. 11, plate xvi., especially the section magnified. 

?7. annulatus, His. Letheea Suecica, pl. xxxv. fig. 2 (1837). 

Tube delicate, elongated, free, varying in length, but of unknown 
dimensions as regards the fragmentary condition of specimens found 
in the shales. Superior annulations placed at varying distances, 
about three to a line, spaces between marked by inferior annulations. 
Walls of tube thin, the hollow interior about two thirds the diame- 
ter of the tube, which, towards the distal extremity, is about half a 
line. The annulations at the proximal part of the tube, for about 
a line and a half from base, about 5 to a line. 

Loc. Coalbrookedale beds, no. 43, rare; Tickwood beds, no. 28, 


* Geological Mag. Oct. 1872. Jtalics mine. 
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also rare. Shales over the Wenlock Limestone, no. 46, rather more 
frequent. 

In accepting this species as a Wenlock-shale type, I rely entirely 
upon the authority of fig. 11, pl. xvi. of ‘ Siluria,’ 1859. In these figures 
we have a magnified portion given as a section. There are three 
superior annulations ; and the lateral spine-like prolongations would 
reveal the typical structural characters of the genus if examined by 
the microscope, which will be referred to further on. A careful ex- 
amination of another figure will show the intervening inferior annu- 
lations. In E. Emmons’s ‘ Manual of Geology,’ 2nd ed. New York, 
1860, p. 113, fig. 102, a specimen of 7’. ornatus is figured, eight lines 
in length, and the diameter of the tube and number of annulations 
to the line are about the sameas ourown. This is from the Water- 
lime series, over the Niagara group; and it forms one of the series 
of the Helderberg, or upper division of the Silurian System. If 
Emmons’s fossil is drawn from an American specimen, and the mea- 
surements can be relied upon, there is again a close correspondence 
between the two faunas, the British and American; for the figure is 
as like our own as it can possibly be. It is this type only that I 
accept as 7’. ornatus; my specimen of the Dudley-Limestone Ten- 
taculites, named 7’. ovnatus by collectors, is very different from this. 
T. annulatus of Hisinger’s ‘ Lethwa Suecica,’ from the Silurian 
Sandstone of Gotland, is also like some of the fragments. 


9, 'TENTACULITES TENUIS ?, Sowerby. 


Type, fig. 12, pl. xvi. Siluria, ed. 1859. 

A reference to the above figure will show that the annulations of 
this species are closer together than in the above; and in the text 
the author of ‘Siluria’ says, “ 7’. ornatus abounds in the Dudley 
Limestone, whilst a small species, 7’. tenwis, occurs in the Upper 
Ludlow” *. Icannot verify the identifications of those authors who 
refer the delicate species found in the shales to this type; and I 
have no specimens of the Ludlow type to compare with my own. 
Seeing, therefore, that the specimens to be described below are 
found only in the shales over the Wenlock Limestone, I think it 
best to retain the species, and describe my own as a variety :— 


Var. ATTENUATUS. 


Tube very delicate and attenuated, of variable length, but speci- 
mens found in the shale-washings are from about one and a half to 
two lines long. Annulations superior, about twelve in the space of 
aline. Average diameter of the tube near the proximal end 4, 
near the distal end =), of an inch. Walls of the tube thin, aperture 
round, and the length of the last or newest chamber nearly occu- 
pying the same space as three ordinary annulations. 

Loc. Shales over the Wenlock Limestone, no. 46. 

If this be 7’. tenuis, or a variety of the same, I shall be glad to fix 


* Hd. 1859, p. 259. 


OF THE WENLOCK SHALES. 389 


the true type as above, for very special reasons. Below the Wen- 
lock Limestone there are other Tentaculite equally delicate, but 
having characters in the annulations altogether different from the 
above; and unless these be separated, it is quite possible that col- 
lectors, at least, will confound the twotypes. This, to me, is of little 
importance ; I seek to separate them on account of their significance 
in the paleontology of the shales. 


10. TENTACULITES WENLOCKIANUS, nD. sp. (Pl. XV. figs. 5, 6 & 11-13). 


Tube delicate, elongated, varying in length from one to two and a 
half lines. Superior annulations in two series. The first series com- 
posed of rings alternately tumid and depressed, separated from each 
other by intervals of about a half of a line ; the second series occupy- 
ing the intervals between the first, and very rarely indenting the 
margins of the tube to any appreciable extent. The normal number 
is three, occasionally two, but rarely four. Very delicate inferior 
annulations fill in the remaining space; and these sometimes cover 
the superior annulations transversely. Average diameter of the tube 
near the proximal end about J,, towards the distal end from 5}, to 
jg of aninch. Walls varying in thickness according to the tumid 
or depressed character of the tube; aperture circular. 

Loc. The figures are given from specimens found in the lowest 
Buildwas beds, nos. 22, 36, & 38; Coalbrooke Dale beds, no. 43 ; 
Tickwood beds, no. 25. Shales above Wenlock Limestone, no. 46. 

This species is found in fragments in most of the washings of the 
shales; and its range is from the lowest bed of the Buildwas series 
to the shales over the Wenlock Limestone. A reference to the figures 
will show the peculiarity of the annulations of both series; and this 
character is so constant that it matters not how small the fragment 
is, provided it is large enough to show at least two. The first series of 
rings gradually swell out to, and as gradually recede from, a central 
line. I have some fragments not more than =, of an inch in dia- 
meter ; and the character is as constant in these as in those of 4, or 
jg of aninchin diameter. Thisisa true Wenlock-shale type; and 
I think it may appropriately be named as above. There is, how- 
ever, another type that has a range equally significant; but its cha- 
racters are altogether different. 


1], TENTACULITES MULTIANNULATUS, n. sp. (Pl. XV. fig. 7.) 


Tube small, varying in length from a half to two and a half lines. 
Superior annulations closely compacted together, without the ordi- 
nary interspaces or inferior annulationsseen in other species ; average 
number about 20 in the space of a linc. Wallsvery thin; aperture 
circular. Diameter of tube 5), to ;4¢ of inch. 

Loc. Buildwas Beds, no. 22; Tickwood beds, 25. Shales over the 
Wenlock Limestone, no. 46. 

I was for a very long time very diffident about placing this species 
with Ventaculites. My reasons for doing so now are these:—1. The tube 
is always found free, never attached; 2. The superior annulations, 


Q.J.G.8. No. 151. 2D 
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though compacted together, are of the same character, structurally, 
as in other true Tentaculite ; 3. The tube, though always filled either 
with calcite or clay, was evidently, in its natural state, hollow. My 
doubts are on account of the following facts elicited by a compara- 
tive study of the numerous specimens :—-1. There are none of these 
Silurian specimens that can in any way be confounded with Conchico- 
ites as limited in this paper; but to some extent the exterior 
annulations are very much like those of some specimens of that 
genus; structurally they are different. 2. Some of the Carboni- 
ferous Ortonice that are found free in the shales are also like the 
Silurian specimens described above as Tentaculites. 3. The one fact 
obtained by the study of specimens found in the shales over the 
Wenlock Limestone which compels me to place my doubt upon re- 
cord is this: from these shales I have one fragment of Z7. ornatus, 
one line in length, half of which is true 7’. ornatus, the other half 
apparently 7. multiannulatus. I cannot explain the fact ; but I feel 
that it is incumbent on me to place it upon record. 


Genus PsAMMOsIPHON *, gen. nov. 


After completing my paper, as above, on the Annelida Tubicola, 
1 was obliged to lay aside a mass of materials, chiefly from the 
‘Lickwood beds, on account of their many peculiarities. Amongst 
these were a group of Annelid remains that I was unable to refer to 
any existing genus, either recent or fossil. ‘They were of an arena- 
ceous texture, with very decided characters, both external and 
internal ; and I was in doubt whether they should be referred 
to the Protozoa or placed with the Annelida. Since then I have 
examined an immense number of specimens, and I feel convinced 
that they may find a fitting resting-place with the latter group. 
Since, however, there is no genus known to me under which the 
species could be placed, I haye been compelled to found a new one 
for their reception. 

Generic Characters. Body irregularly disposed, crowded or tubular, 
composed of minute grains of sand; adherent to shells, stones, or 
corals, or free, but flattened at the base, showing evidence in the 
free specimens of former attachment. 

The genus Serpula has a protecting tube composed of carbonate 
of lime ; but the Sabellarie and Terebelle have, generally speaking, 
arenaceous tubes; these genera, however, are of too decided a cha- 
racter to admit without violence the Paleozoic species. Every other 
genus referred to by Prof. Nicholson and Mr. Robert Etheridge, 
Jun., in their joint work ‘ On the Silurian Fossils of the Girvan Dis- 
trict of Ayrshire’ tT, and by Prof. Nicholson in his ‘ Paleontology,’ 
are likewise unsuitable for the admission of the species enume- 
rated below. 


12, PsAMMOSIPHON ELONGATUS, Sp Noy. 


Tube elongate, serial or biserial, varying in length from 54, to 3; 


* This name is substituted for Arenatubulites. + Fasciculus iii. pp. 803-318. 
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of an inch, and with a transverse diameter of about 54, of an inch. 
Composed of grains of shelly sand, with here and there minute 
grains somewhat larger than ordinary; slightly tapering towards 
the base. Orifice circular, with a rounded lip, thinning outwardly, 
and of rather larger dimensions than the normal size of the tube. 

Loc. Tickwood beds, no. 25, rare. Jam rather doubtful of species 
found in the Buildwas beds. Type specimen from no. 43, Coal- 
brookdale beds. 


13. PsAMMOSIPHON AMPLEXUS, sp. nov. (Plate XV. fig. 8.) 


Tubes irregularly clustered, embracing, forming sandy mounds, 
varying in size from one eighth to a quarter of an inch and more in 
breadth and height. Orifice circular, at the apex of small papillee, 
which, in the most perfect state, stand out from the general mass 
of surrounding material, forming the distal part of the otherwise 
enclosed tube. Adherent by a flattened base to shells, stones, and, 
rarely, corals. . 

Loc. Tickwood beds, abundant in no. 42, less abundant in nos. 
25 and 41. 

Unlike the first species, which is to some extent solitary, this 


_ Species is remarkable for its sociability. Beginning as a small, 


scarcely definable tube upon a fragment of stone or shell, it is soon 
followed by others, till a series are clustered together, so as to form 
groups of unknown dimensions, In the shale-washings the speci- 
mens are more frequently found free than attached. On the 
flattened or previously adherent side the exposed tubes are seen, 
varying in length from 3, to =, of an inch. 

The clayey sand, out of which the Annelid builds its tube, is of a 
pale yellow colour ; and it is very rare to find specimens of a different 
tint. If broken up and examined under the microscope, it will be 
found that this sand is formed out of the débris of shells more fre- 
quently than out of other débris; and the whole is cemented to- 
gether apparently by a chitinous secretion from the body. I cannot 
detect any particular structure in the tiny tubes; internally they 
are smooth and round and have a diameter rather less than the 
orifice of the tube when seen externally. 

With our present incomplete knowledge of these fossil organic 
remains, I do not think I should be justified in an endeavour to 
establish more species of Psammosiphon than the two of which 
details are given above. Independently of my own labours, and 
entirely unknown to me until I saw the slides containing the speci- 
mens for naming, Mr. John Young, of the Hunterian Museum, 
Glasgow, discovered P. amplewus also in his Wenlock Shales*. I 
have also had, for examination and naming, the slides of Mr. J. 
Smith, of Kilwinning, procured from washings from the shale-heaps 
and railway-cuttings round Benthal Edge and Coalbrookdale f. 
Amongst these slides there were specimens of Psammosiphon elongatus 

* From the Tickwood beds, 

+ A list of Entomostraca from these washings was given by Prof, Rupert 


Jones in Geol. Mag., Feb. 1881. 
Dre 
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and amplewus from the railway-cutting opposite Swan Iron Bridge. 
Mr. Smith also procured specimens of Ventaculites, Conchicolites and 
Cornulites described in this paper. 

There is. however, additional interest in the discovery of the 
arenaceous Annelid of the Silurian Shales. When sending his slide 
to me, Mr. John Young said :——** An almost identical form is found 
in the washings of the Hairmyres Shales from the Carboniferous 
formation of Scotland. At Hairmyres I have found it in somewhat 
larger fragments, and adherent to the stems of Crinoids and fronds 
of Fenestella—which shows that this Annelid was not a free form, 
but attached itself to other bodies. . .. . The Carboniferous species 
I have not yet met with in any other locality than the one given ”*, 


This completes my list of Tubicolar Annelida found in the shale- 
washings. Throughout the whole of the series I have not found 
any specimens which may undoubtedly be placed with the Annelida 
Polychexta of Dr. G. Jennings Hinde. J have found one specimen 
of a small jaw very much like the outline of the Much-Wenlock 
Enonites aspersus of that author. It is serrated like that species, 
only with a less number of teeth; but the hook-like termination is 
also serrated with three teeth, and under the teeth of the longest 
part of the jaw there are circular places. ‘The specimen is about a 
line and a half in length. It is from the shales over the Wenlock 
Limestone, no. 46. 


In the figures of sections I have endeavoured more particularly 
to show the structural character of the tubes in the types of 
Cornulites and Tentaculites. These are so different that they must 
strike the eye at once; but my main object is to form a basis of 
future comparison for the more detailed study of the leading types 
of the Tubicolar Annelida. 


EXPLANATION OF PLATE XV. 
Fig. 1. Cornulites scalariformis, Vine, X 3. 1a. Portion of surface with 
longitudinal strix, further enlarged. ; ; 

2. Conchicolites Nicholsoni, Vine, X 10. 
3. Ortonia conica, Nich., var. pseudopunctata, Vine, xX 8. 
4. serpuliformis, Vine, X 10. 

5, 6. Tentaculites wenlockianus, Vine, x 10. 
fs 
5 
9 


¢ multiannulatus, Vine, X 10. 

8. Psaimosiphon amplexus, Vine, X ‘7. 

9, Cornulites scalariformis, Vine; longitudinal section of tube, showing :— 
a, a, a, three of the superior annulations; 4, 6, walls of tube; ¢, ¢, 
calcite; d, matrix. x 195. 


10. , cross section of tube, X 50. Letters as in preceding 


figure. 
fo) 
Ll. Tentaculites wenlochianus, Vine ; longitudinal section of tube, reversed. 
a, @, @, superior annulations ;' 4, 6,6, secondary superior annula- 
tions; ¢,c, walls of tube; d, matrix. x 50. 


* Mr. J. Young, F.G.8. Letter dated Feb, 1882. 
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Fig. 12. Tentaculites weniockianus; a nearly transparent section, showing the 
peculiar structure of the superior annulations seen in all true 
Tentaculite. a, b, c, as in fig. 11. 

_ 13. One of the superior annulations, x 110. 


Discussion. 


Dr. Hinpe said he had seen the specimens, which were minute 
and fragmentary, but yet exhibited microscopic characters which 
might be relied on for specific description. He was not quite 
satisfied that some of the specimens placed in the genus Psammo- 
siphon were really paleozoic. The specimen placed with a query 
under the genus @nonites appeared to be merely a fragment of a 
polyzoan, and not the jaw of an Annelid. He agreed with the author 
in placing T'entaculites among the Annelids; its close resemblance ~ 
to Conchicolites and Ortonia showed its affinities to be with the 
Worms rather than with the pelagic Mollusca, notwithstanding that 
it was a free form, 
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40. Desortetion of Part of the Femur of Nororaertum MircHectt. 
By Prof. Owen, C.B., F.RB.S., F.G.8., &e. (Read June 7, 1882.) 


[Puate XVI1.] 


Ixy my work on the Extinct Mammals of Australia* the osteology 
of the existing species is described and figured in the degree requi- 
site for the comparisons with the fossil bones. 

In the Kangaroos the femur, amongst other characteristics, shows 
‘the rough depression (plate Ixxiii. figs. 2, 3, y, op. cit.) above the 
outer condyle (ib v)’ and “the great transverse extent of the arti- 
cular surface of that condyle by the production of its outer part, 
changing, there, the convexity into a concavity transversely (ib. 
fig. 2, w)” 7. With these may be noted the narrowness and depth 
of the postcondylar or popliteal fossa (fig. 2, w). 

The corresponding part of the femur in the Wombats (ib. pl. ciii. 
figs. 1-4) differs in the absence of “the rough depression, y;” in 
the relatively less transverse extent of the articular surface of the 
outer condyle, especially at its back part; in the continuous trans- 
verse convexity of that part of the condyle, and in the minor rela- 
tive depth and greater relative width of the postcondylar fossa. 

In the comparison of the fossil femur of the Diprotodon (op. cit. 
pp. 231-234) the rough longitudinal depression above the outer 
condyle (pl. xxxiy. fig. 1, 0)+, the concavo-convex hinder part of the 
articular surface of the outer condyle (ib. v), the length, depth, and 
relative narrowness of the postcondylar fossa (ib. w), with other 
characters of the bone, showed its closer resemblance to the femnr 
of the Kangaroo than to that of the Wombat or other of the larger 
existing kinds of Marsupialia. 

In the lower or distal portion (probably one half) of a large fossil 
femur (Pl. XVI.) transmitted from Australia by my friend Dr. 
George Bennett, F.L.S., the following differences present them- 
selves :—There ‘is no depression above the outer condyle; but there 
is a rough longitudinal rising (ib. fig. 1, 0) in the corresponding 
place, for the attachment of the same or homologous muscle. The 
hind surface of the outer condyle (ib. fig. 4) is transversely convex : 
in Diprotodon the transversely concave tract of that condyle is rela- 
tively greater than in the largest existing Kangaroo; but I may 
remark that in some of the still larger extinct Macropodide that 
concavity comes nearer in relative extent to the proportions shown 
in Diprotodon§. 'The same remark applies to the proportional 
breadth of the postcondylar fossa, which, though small in Macropus 
rufus, is still less in Macropus titan, where it repeats the character 
of this part in Diprotodon. 


* Ato, 1877. t Ib. p. 890, { Ib. p. 231. 
§ Op. cit. pl. xxxiv. fig. 1, 2. 
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In the fossil femur under description the relative breadth of the 
postcondylar fossa (ib. fig. 4, vw) resembles that in Phascolomys *; the 
more equal prominence of the lateral boundaries of the rotular sur- 
face is also a character in which the fossil resembles the Wombat 
more than it does the Kangaroo or the Diprotodon, in which the 
greater prominence of the inner boundary is extreme, and the 
antero-posterior extent of the inner condyle, including that boun- 
dary, is relatively much greater than in the present fossil. 

This femur, however, presents the following differences from that 
of the Wombats. The rotular surface (ib. fig. 3, q) is relatively 
narrower x, and the outer boundary (ib. ib. ) is sharper; the popli- 
teal depression, above the intercondylar fossa, w, which is deep and 
extensive in Phascolomys, is hardly, if at all, defined in the fossil. 
Moreover the size of this fossil is greater than that of the femur 
in the largest known extinct Wombat, in the degree in which the 
mandible and teeth of WNototheriwm Mitchelli$ surpass those of 
Phascolomys gigas ||. 

Upon the foregoing comparisons I therefore formed the conclusion 
that the distal portion of femur here described belongs to a species 
of Nototherium, as large, if it be not the same, as Nototherium 
Mitchell. 

The following are its dimensions, with which I add, for compa- 
rison, those of the corresponding part of the femur of a mature 


Diprotodon australis :— 
Nototherium. Diprotodon. 


—— a 
im. lin. ae lun 
JUGHDIOATD 2 3 sco, pC ne oe 6 i3y 6 
Breadth across condyles .............. 9 (OS 
,, » transverse, of broken endof shaft 3 1 4 5 
», , antero-posterior, of ditto ...... 2. 3 2 8 
Cireumference of ditto............08.. 8 4 ae) 
94 above the condyles ...... 12 15 3 
Breadth of rotular jot ......0...8... 23 2 4 
> Of imtercondylar fossa. ........ ees fea 


The present portion of femur is of a mature and seemingly aged 
individual. 

The fractured surface of the femoral shaft (Pl. XVI. fig. 2) exposes 
the lower end of the medullary cavity, with the compact wall 
from 4 to 6 lines in thickness, and part of the spongy portion of the 
wall, the extent of which is indeterminate through abrasion. No 
femur referrible to the genus Nototheriwm has previously come under 
my ken. | 

This fossil is from a locality in Darling Downs, Queensland, 
Australia. At the time of “going to press” with the work on 


* Tb. pl. ciii. fig, 2. T Ob, pli xsxan., s. 
{ Compare with fig. 4, pl. ciii., op. cit. § Op. cit. pl. xlv, 
| Tb. pl. Ixv. 
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Australian fossils no recognizable parts of the skeleton of the hind 
limbs of Nototheriwm had reached me. 

The characters of the present specimen, like the proportions of 
the skull of Nototheriwm *, show a resemblance to the Wombats 
which at least tends to lessen the difference between the existing 
forms of Phascolomys and Macropus. 


EXPLANATION OF PLATE XVI. 
Nototuerium MitcuHe.ui, Owen. 


(All the figures one half the natural size, and drawn without reversing.) 


Fig. 1. Outer side view of the distal portion of the right femur. 
2. Fractured end of the shaft of the same. 
3. Front view of the distal end of the same. 
4. Back view of the same. 


* Th. pls. xxxvi., xxvii. 


Hanhart amp 
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41. Gzonocican AcE of the Taconic SysTEm. 
By Prof. James D. Dana, F.M.G.S. (Read April 5, 1882.) 


[PuaTe XVIT.| 


A PARAGRAPH in the ‘ Proceedings of the Geological Society’ for the 
16th of November last, making part of an abstract of an address by 
Dr. T. Sterry Hunt sustaining the pre-Cambrian age of the Taconic 
schists, throws more doubt than is right on the stratigraphical ob- 
servations that have been made in the region by different geologists. 
It does not present, as a reason for doubt, any facts from the 
author’s personal investigation convicting these geologists of errors 
in their statements or conclusions, but simply mentions what the 
author regards as a possible source of error in any study of folded 
metamorphic strata, and urges this as a probable source in the pre- 
sent case. 

The paragraph says :—‘ The speaker insisted upon the fact that 
where newer strata are in unconformable contact with older ones, 
the effect of lateral movements of compression, involving the two 
_ series, is generally to cause the newer and more yielding strata to 
dip towards, and even beneath the edges of the older rock, a result 
due to folds, often with inversion, sometimes passing into faults. 
This phenomenon throws much light on the supposed recency of 
many crystalline schists.” 

The supposed recency of the Taconic schists, and the observations 
which have led to the inference that these schists overlie certain 
Lower Silurian strata, are among the points to which the paragraph | 
is meant especially to apply. It implies that in any overlying, ap- 
parent or actual, it is an overlying of newer strata, unconformably. 

The Taconic system, first propounded by Prof. EK. Emmons about 
forty years since, in his New-York Geological Report, published in 
1842, has found a place, right or wrong, in European as well as 
American geological science. Whether right or wrong is therefore 
a question of the highest importance. I have hence thought that a 
_ brief review of the facts bearing on the two points of conformability 
to the associated rocks and geological age by one of the workers in 
the field would be acceptable to the Geological Society. 

The true original Taconic schists are those of the Taconic moun- 
tain-range, at the base of one portion of which Prof. Emmons for 
many years lived and laboured. The range stands along the 
boundary region between the States of Massachusetts and New 
York, extends thence northward through Western Vermont to its 
centre, and southward across north-western Connecticut into and 
through Dutchess County, New York. The general course of the 


* Geology of New York: part ii., comprising the survey of the Second Geo- 
logical District; by Ebenezer Emmons, M.D., Prof. Nat. Hist. in Williams 
College, Williamstown, Berkshire Co., Mass. 438 pp. 4to, with 17 plates, 
Albany, N. York, 1842, 
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range is nearly north and south (about N. 10° E., and 8. 10° W.), 
and the length about 150 miles. The schists make the centre of 
the belt. Against nearly all the eastern side of these schists there 
lies a stratum of crystalline limestone called the Stockbridge Limestone 
by Prof. Emmons; and against the greater part of the western, 
another range of limestone, less perfectly crystalline, the Sparry 
Inmestone of Prof. Emmons. These three ranges of rocks (the cen- 
tral of schists, the two outer of limestone) are all that need be con- 
sidered: for the question is only this—are these strata conformable, 
or, as the cited paragraph implies, is the eastern of these limestones 
a newer rock than the Taconic schists, and unconformable to it ? 

It is plain, from these statements as to the position of the range, 
that the opportunities for ascertaining the relation in stratification 
of the Taconic schists and the adjoining limestones are not confined 
to a single disturbed area. They occur all along the 150 miles; 
and observations have been made from the northern end of the 
range to the southern. 

The Taconic range or belt here referred to does not include all 
the slates of Western New England and Eastern New York to which 
the term was applied by Professor Emmons. But it does include 
those slates upon which the system was founded. He says, on page 
136 of his New-York Geological Report, already referred to as his 
earliest publication on the subject :— 

“The Taconic system, as its name is intended to indicate, lies 
along both sides of the ‘laconic range of mountains, whose direction 
is nearly north and south, or for a great distance parallel with the 
boundary line between the States of New York, Connecticut, Massa- 
chusetts, and Vermont. The counties [of New York State] through 
which the Taconic rocks pass are Westchester, Columbia, Rensselaer, 
and Washington [or those directly west of the New England boun- 
dary|; and after passing out of the State, they are found stretching 
through the whole length of Vermont, and into Canada as far north 
as Quebec. It is, however, in Massachusetts, in the county of 
Berkshire [the western county of the State] that we find the most 
satisfactory exhibition of these rocks.” I may add to this statement 
of his that it was in the north-western part of the State, about Wil- 
liamstown (long Prof. Emmons’s place of residence), where stands its 
highest summit, Graylock, 3505 feet above tide-level, that his in- 
vestigations were commenced. 

We have no occasion, therefore, for taking into consideration here 
the Taconic slates or schists and associated strata of Northern Ver- 
mont and Canada, which are the subject of papers by Mr. Jules 
Marcou ; or the “ black slate” of the vicinity of Bald Mountain, N. Y., 
which was proved by its fossils to be primordial; or the so-called 
Taconics of other States or countries. 

The stratigraphical structure of the Taconic range and its asso- 
ciated rocks is so simple that all observers who have studied it have 
described the schists and limestones as conformable. 

In 1841, Professors W. B. and H. D. Rogers announced before 
the American Philosophical Society at Philadelphia, as the result of 


AGE OF THE TACONIC SYSTEM. 399 


an examination across from Stockbridge in Berkshire county, Mas- 
sachusetts, on the east, toward the Hudson River on the west, that 
the beds have throughout an eastward dip, and make one conform- 
able series *. 

In the same year the report of Prof. Edward Hitchcock, on the 
Geology of Massachusetts, was published in two volumes quartoy. 
He states that in Berkshire or Western Massachusetts, the limestone 
and all the other associated rocks (“‘ gneiss, mica-slate, talcose slate 
(strictly, hydromica-schist], and quartz-rock ”) dip, as a general fact, 
eastward ; that these rocks are often found interstratified with one 
another ; that, on the west side of the Taconic range, the western 
limestone is seen at a locality he mentions passing under the slate ; 
that at other points west of Massachusetts the limestone alternates 
with argillaceous slate; and concludes “that the limestone of 
Berkshire County is of the same age as the rocks with which it is 
interstratified.” 

Professor W. W. Mather, one of the geologists associated with 
Prof. Emmons in the Geological Survey of the State of New York, and 
whose Report, published in 1843, makes a quarto volume of 650 
pages +, gives, on plates 14, 16, 17, 18, sections of the rocks through 
the Taconic range, and to its centre (the position of the New York 
State boundary line); and in each of them the schist and limestone 
are made conformable. In the text of the Report, a chapter is de- 
voted to the “‘ Taconic System” (so named previously by Prof. Em- 
mons), and the rocks are made Lower Silurian. 

Professor Emmons, in the account of the Taconic system in his 
_ New-York Geological Report of 1842 (and also in his later publica- 
tions on the subject$) represents the schists and limestones as con- 
formable, and as having a prevailing eastward dip. These formations 
were the chief parts of his Taconic system; and this conformability 
was with him evidence that they were one in system. It is true he 
called the rocks pre-Silurian; but this was the same for all, the 
limestones as well as the schists. 

Sir William Logan, the late able director of the Geological Survey 
of Canada, and one of the most cautious geologists of his time, 


* American Journal of Science, vol. xlvii. p. 151, 1844. 

+ Final Report on the Geology of Massachusetts. 2 vols., 300 and 830 pp., 
4to, with 14 and 55 plates, 1841. 

t Geology of New York: part i., comprising the Geology of the First Geo- 
logical District ; by Prof. W. W. Mather, Prot. Nat. Hist. in the Ohio Uni- 
ty. 8B ee pp. 4to, with 46 plates, including a geological map. Albany, 
SEN SEES a vo. 

§ Agriculture of New York; by Ebenezer Emmons, M.D. Vol. i., being one 
of the Reports of the Geological Survey of the State, and lettered, on the cover, 
part v. Agriculture. 372 pp. 4to, with plates. Albany, N. Y., 1846. The 
chapter on the Taconic System covers pp. 45-112. 

American Geology, by Ebenezer Emmons. Vol. i., 194and 252 pp. 8vo, with 
a plates. Albany, 1855. Chapter on the Taconic Systems occupies pp. 1-124 
of part ii. 

Geological Report on the Midland Counties of North Carolina, by E. Emmons, 
302 pp. 8vo, with 9 plates and several maps. New York, 1856. Chapters on 
the Taconic System occupy pp. 49-72. 
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satisfied himself so far as to the Taconic question, that on his Geo- 
logical Charts, published in 1863 and 1869, he made the schists and 
associated rocks Lower Silurian, and of the “Quebec Group.” In 
1864 he made an examination of the Taconic and adjoining regions 
in company with Prof. James Hall*, visiting Berkshire and north- 
western Connecticut, and extending his observations also west and 
south-west of the Taconic range to the Hudson river. The schists 
and limestones were found to be involved together in common folds, 
Canaan Mountain and Washington Mountain to be flanked with 
limestone, and to be probably synclinal in structure ; and all were 
referred, with small exceptions, to the Quebec Group. The object of 
the exploration was the comparison of the rocks with some of those 
of Eastern Canada. 

In 1861 the Geological Report of the State of Vermont, by Pro- 
fessor Edward Hitchcock, Mr. (now Professor) C. H. Hitchcock, his 
son, and Mr. A. D. Hager, was publishedy. It is an elaborate re- 
port, extending to 988 pages quarto, and‘containing numerous 
geological sections. On pages 251 to 257, Prof. Edward Hitchcock 
(the State Geologist, earlier, of Massachusetts) describes a section 
through the Taconic range, representing it as consisting of a series 
of conformable folded strata. On pages 595 to 682 Prof. C. H. 
Hitchcock gives the details with regard to thirteen sections across 
the State, coloured diagrams of which occupy three long folded 
plates. Seven of these sections cross the Taconic range ; and in all 
but one of the seven the Taconic slates and the adjoining limestone 
(called in the Report the Holian limestone) are made conformable. 

In a southern one of these sections, through the town of Bennington, 
the schists of Mt: Anthony, whose summit is 2688 feet in height 
above the mean tide-level, overlie the limestone in a shallow syn- 
clinal. In another section, passing through Arlington, and inter- 
secting Spruce Peak, of the Taconic range, the same schists. (“ tal- 
coid,” or hydromica-schists) overlie in this peak the limestone in a 
still shallower synclinal, the limestone on the east dipping westward 
and that on the west dipping eastward ata small angle. In a third 
section, through Dorset and Dorset Mountain or Mount Eolus (3148 
feet high), this mountain is shown to be made of limestone to within 
500 feet of the top. These 500 feet consist of hydromica-schists ; and 
they lie in the lap of the shallow limestone synclinal, conforming to it 
in bedding. The limestone of the mountain, crystalline, as elsewhere, 
and at several points quarried for marble, has a thickness over 1900 
feet. In Mount Equinox, another Vermont peak of the Taconic range, 
3872 feet in height, the limestone, according to the Report, rises as 
high perhaps as in Mount Eolus. The Report also reproduces Pro- 
fessor Emmons’s section through Graylock, in Massachusetts, which 


ee ee ee 


* Reported in a communication to the Natural-History Society of Montreal, 
Oct. 24, 1864, by Mr. T. Sterry Hunt, and published in the Canadian Natu- 
ralist and Geologist, and also in the American Journal of Science, second series, 
vol. xxxix. p. 96, 1865. 

+ Report on the Geology of Vermont. 2 vols. 988 pp., 4to, with a coloured 
geological map of the State and 38 plates, 1861, 
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represents it as a synelinal of schists underlain by limestone, the 
limestone outcropping on the east with a westward dip near South 
Adams. 

The Report thus illustrates the conformability of the limestone 
and schists in various parts of the range through Vermont (south 
of Middlebury), and adds confirming facts from Massachusetts. 

The Report also mentions the occurrence of fossils in the ‘“ Kolian 
limestone,” near its junction with the schists, and principally from 
outcrops just west of them. 

These fossils are stems of Crinoids, Cyathophylloid corals (re- 
ferred incorrectly to the genus Zaphrentis), species of Chetetes and 
Stictopora, and a Gasteropod shell referred by Hall to Zuomphalus. 
Prof. C. H. Hitchcock, in a note to me in 1880, describing his 
views and those of the Vermont Geological Report on this subject 
of the Taconic Schists, says (see American Journal of Science, 
volume xix. p. 237):—* There is nothing in the Vermont Report 
anywhere favourable to Taconism. Within the past two years I 
have gone ‘over most of the Vermont sections, and have felt that 
they demonstrated the essential equivalence of the Taconic system 
with the Potsdam and the overlying limestones and slates | of the 
Lower Silurian]. I have been throughout in essential accord with 
you and Mr. Wing.” 

Mr. A. Wing, of Whiting and afterwards of Middlebury, Ver- 
mont, contributed some aid toward the Geological Survey of the 
State of Vermont (the Preface to the Report acknowledging 
“valuable facts and suggestions” from him, ‘‘a gentleman who 
had studied the geology of the State with great perseverance and 
success”). His conclusion was in harmony with that of the 
Report—namely, that the Taconic schists and limestone and the 
associated quartzite to the eastward were conformable Lower 
Silurian formations. Mr. Wing’s researches were continued 
afterward until his death in 1875*. In 1866 he found Trinu- 
cleus concentricus and other Trenton fossils in the limestone 
of Sudbury, Vermont, just east of, or more properly within, the 
Taconic belt, and came to the conclusion that, since the lime- 
stone plainly dipped conformably beneath the Taconic Schists, the 
latter were younger than the Trenton—that is, equivalent to the 
Hudson-river slates, the last member of the Lower Silurian. 
Before the year 1872 (as may be found in my article in vol. xiii. 
of the American Journal of Science) his discoveries comprised 
various other Trenton fossils, besides species of the Quebec and 
Calciferous groups (as determined by Mr. Billings, of the Canadian 
Survey, to whom he sent his specimens), many of them from the 
limestone belt west of the Taconic, and many also from that to the 
east. Among the Trenton species discovered by him there are the 
common Cyathophylloid coral Petraia profunda, also Receptaculites 
neptum, Columnaria alveolata, Stenopora fibrosa, St. petropolitana, 

~* See “An account of the discoveries in Vermont Geology of the Rev. 


Augustus Wing, by J. D. Dana,” in the Amer. Journ. Sci., third series, vol. xiii. 
pp. 332, 405, and vol, xiv. p. 36, 1877. 
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Brachiopods of the genera Orthis, Strophomena and Rhynchonella, 
species of Orthoceras, besides the Trilobite Trinucleus concentricus 
“in great abundance.” The species of the age of the Chazy lime- 
stone included Pleurocystites tenmiradiatus, a Pleurotomaria near 
P. staminea ‘in crowded abundance,” Bathyurus Angelini, and Asa- 
phus canalis, Those referred to the Quebec group comprised large 
Maclurece, a species of Rhynchonella (some beds at East Cornwall 
full of their shells), Bathyuwrus Safford. Those of the Calciferous 
beds were Ophileta compacta, O. complanata, Maclurea sordida, 
M. matutina, small species of Orthoceras, the Trilobite Bathyurus 
conicus, and others. 

As these species of the Trenton group and of the older Chazy, 
Quebec, and Calciferous groups were collected from different loca- 
lities in one and the same limestone mass or formation, Mr. Wing 
arrived at the very natural conclusion that (I quote his own words 
from a letter of May, 1875):—‘ The Kolian limestone of the Ver- 
mont Geological Report embraced not only the Trenton and Hudson- 
river beds, but all the formations of the Lower Silurian as well, 
and even limestones and dolomites of the Red-Sand-rock [Potsdam 
Sandstone | series.” ‘These were his views as early at least as 1872. 
In this fact the limestone is like that of the Mississippi basin ; for 
there, too, a single limestone formation, with but small inter- 
ruptions, covers the eras of the Lower Silurian continuously from 
the Calciferous (if not the Primordial) to the Trenton inclusive. 

Thus all investigators of the Taconic belt and the associated 
rocks, Professor Emmons included, have found the limestones and 
schists one in stratification and one in system. ‘The only differences 
are these :— 

Professor Emmons made the ‘Taconic schists intermediate in age 
between the two limestones and the western limestone, therefore 
the oldest, because, as he says, this was the order of superposition, 
the dip of the whole being eastward. He states on page 147 of his 
Report of 1842 :—* So long as the more western belt by this rule 
is the inferior limestone, there is no necessity in the case to suppose 
a series of complicated changes in order to make it coincide with 
conjectures.” 

Sir William Logan was led by his studies to regard the schists 
and limestone strata as together of the Quebec group. 

The Professors Hitchcock referred the rocks to the Lower Silu- 
rian, and recognized the Taconic schists as the youngest of the 
series. 

Mr. Wing concluded that all the periods of the Lower Silurian 
were represented in the limestone, down to the Primordial and up 
to the Hudson-river group, and that the Taconic schists were the 
youngest, and of the Hudson-river group. The same general con- 
clusion was adopted theoretically by the Professors W. B. and H. 
D. Rogers in 1841, and by Prof. Mather in 1843. 

The quartzite formation, which accompanies the easter lime- 
stone belt in Vermont, Massachusetts, and Connecticut, was made 
by Prof. Emmons a member of his Taconic system, conformable to 
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the other members, in his earliest as well as later publications on 
the subject; and each of the other geologists above mentioned has 
referred it to one and the same conformable series with the schists 
and limestones. Prof. C. H. Hitchcock and Mr. Wing have urged 
strongly that it was the probable equivalent of the Potsdam sand- 
stone. 

I have not included thus far any notice of observations by Dr. T. 
Sterry Hunt in the region of the Taconic mountains and the adjoin- 
ing limestone, because he has published none on the subject. In 
1871, in his Address before the American Association*, he referred 
the Taconic schists and limestone to the Lower Silurian, making 
the limestone east of the Taconic range of the age of the Quebec 
group, as done by Logan, and stating that the conclusion of Rogers 
and Mather, referring the Taconic system to the *‘Champlain Divi- 
sion” [Lower Silurian] of the New-York series, had been sustained 
by subsequent observations. The same opinion essentially he had 
presented at various times since 1849. In 1878, but four years 
since, appeared Dr. Hunt’s first published statement, so far as I 
have been able to learn, dissenting from his earlier views; and in 
it he calls the system the Taconian, and makes the Lower Taconian 
to be an equivalent of the lowest Cambrian, or still older, resting 
his proof not on any stratigraphical observations in the region of 
the Taconic schists. In his recent announcement of his opinion 
before the Geological Society, on the 16th of last November, he 
says, speaking of the Taconian, Montalban, and Huronian systems, 
all these various series are older than the Lower Cambrian (Mene- 
vian) strata of North America; and his argument against the strati- 
graphical evidence as to age and conformability, which had been 
presented by others, is met only by the expression of a doubt, and 
the reason for it above cited. 

My own detailed study of these Taconic schists and the associated 
rocks commenced in 1870, before the discoveries of Mr. Wing had 
been made known ; and they have been continued through portions 
of most of the seasons since that time. They have extended over a 
large part of the Green-Mountain and Taconic area, from Middlebury 
in Vermont to New York City, and westward through Dutchess and 
Westchester Counties, in Eastern New York, to the Hudson river?. 


* Address to the American Association for the Advancement of Science, by 
Thomas Sterry Hunt, on retiring from the office of President of the Associa- 
tion, August 1871. 

+ Proceedings of the Boston Society of Natural History, vol. xix. p. 275, 
1878; Pennsylvania Geological Report on Azoic Rocks, part i. 1878. 

t “On the Quartzite, Limestone, and associated Rocks of the vicinity of Great 
Barrington, Berkshire Co., Mass.,” Amer. Jour. Sci. 38rd ser. vol. iv. p. 3862, 450, 
1872, v. p. 47, 84, vi. 257, 1873 ; “On the Relations of the Geology of Vermont 
to that of Berkshire,” 72d. vol. xiv. pp. 87, 132, 202,257, 1877 ; ‘‘On the Hudson- 
River Age of the Taconic Schistsand the dependent Relations of the Dutchess- 
County and Western Connecticut Limestone Belts,” did. vol. xvii. p. 375, 
vol. xvill. 61, 1879; ‘‘Note on the Age of the Green Mountains,” 27d. vol. xix. 
p- 191, 1880; “ On the Geological Relations of the Limestone Belts of West- 
chester County, New York,” ibzd. vol. xx. pp. 21, 194, 359, 450, (1880), vol. xxi. 
p. 425, vol. xxii. pp. 105, 313, 327, 1881. 
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The results arrived at sustain those of the several investigators 
mentioned in proving (1) that the Taconic schists and the adjoining 
limestones, as well as quartzite, are one im system of stratification, 
and (2) that they have in general a high castward dip. 

In 18751 traversed with Mr. Wing the region of his explora- 
tions in Vermont, saw the fossils in the metamorphic limestone at 
some of their localities, and found that his paleontological demon- 
stration (1) of the Lower-Silurian age of the limestone, and (2) of 
its covering the periods of the Lower Silurian from the Trenton to 
the Calciferous inclusive (if not also the Primordial), was complete. 
I was shown also (3) that this demonstration from fossils had been 
obtained both from the limestone on the cast and that on the west 
side of the Taconic belt, proving that they were alike in geological 
age, and therefore parts of the same great limestone formation—a 
fact apparent also in their joining and becoming one mass near 
Middlebury, Vermont. I was convinced, further, that the strati- 
graphical facts left no reasonable doubt as to the limestone forma- 
tion being inferior in position to the Taconic schists. 

In my observations among these rocks over the region extending 
from Vermont through Massachusetts, I aimed chiefly at tracing 
southward the evidence as to the continuity and unity in system of 
the Taconic and associated formations ; for the beds were too highly 
crystalline to contain fossils, though not so highly but that I looked 
for them at some of the more favourable localities. Besides finding 
a general eastward dip along the region in the schists and the 
limestone of this eastern side of the Taconic belt, I discovered also 
that in South-western Massachusetts, where the Taconic belt is 
widened to treble its usual breadth, and rises into the high moun- 
tain region called Mount Washington—its highest point 2634 feet 
above the sea—there the limestone and schists dip westward, the 
limestone passing beneath the schists; and hence, inasmuch as the 
dip on the west side of the range is eastward, they apparently gave 
proof of a synclinal, just such as is afforded by several mountain- 
summits of the Taconic range to the north—Mounts Anthony, 
Spruce, Dorset, and others in Vermont. Mount Washington is 
continued southward through North-western Connecticut; and in 
this part also the same evidence of a synclinal—a westward dip on 
the cast, and eastward on the west—was obtained. 

To the west of the northern half of the State of Connecticut, the 
Taconic schists and the adjoining western limestone extend south- 
westward, over Dutchess County, New York, to the Hudson river. 
As they spread westward, the schists and limestone become less and 
less crystalline, and hence are in a more and more favourable con- 
dition for the preservation of the original fossils of the rocks. In 
1879, while pursuing my investigations over this county, I found 
fossils of Trenton age at Pleasant Valley in this western limestone, 
about a dozen miles west of the Taconic belt, and subsequently ob- 
tained other fossils from points half nearer the belt. Professor W. 
B. Dwight, of Poughkeepsie (in Dutchess County, on the Hudson 
river) was with me at the first discovery, and has since extended 
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| greatly the range of localities and fossils. The species include well- 


known Trenton Brachiopods (Orthis lyna, O. pectinella, Rhynchonella 
capax, Leptena sericea, Strophomena alternata) and Corals (Petraia 
corniculum), the Trenton Receptaculites, Crinoids, Orthocerata, and 
Trilobites (Illenus crassicauda). But besides Trenton species, Prof. 
Dwight has obtained from portions of this same limestone belt or 
formation, and at two places within a few rods of Trenton fossils, 
fossils of the Calciferous group, embracing several species of small 
Orthocerata (among them O.-primigenium) and of Ophileta (O. com- 
planata and O. levata, O. (Maclurea) sordida), &c. At another locality 
in the continuation of the limestone west of the Hudson, the Chazy 
species (Maclurea magna) has been found by the paleontologist, 
Mr. R. P. Whitfield. 

It has thus been proved that the western of the limestones asso- 
ciated with the Taconic schists (the Sparry limestone of Emmons) 
consists, to the south, in Dutchess County, of the combined lime- 
stones of the Calciferous, Chazy, and Trenton eras, just as it does 
to the north, in Vermont. 

Less than a year before this discovery of fossils in the limestones 
of the Dutchess County, Mr. T. Nelson Dale had announced his dis- 
covery of related fossils in the hydromica-schists adjoining the same 
limestone near Poughkeepsie. The species were Orthis testudinaria, 
O. pectinella, Leptena sericea, Strophomena alternata, and remains of 
Crinoids ; and Mr. Dale announced the schists to be of Hudson-river 
age or newer than the Trenton. Both these Poughkeepsie schists and 
the associated limestone Prof. Emmons had referred, by a special 
mention of the locality, to his Taconic system. 

The discovery of fossils in the limestone was a natural sequel to 
that of those in the schist; and together they made the evidence 
positive that the limestone and schist are Lower Silurian, and the 
schist the younger formation. The result was hence reached alike 
from the rocks from the southern end of the Taconic belt and from 
those of the northern or Vermont end. It is sustained in both 
regions by an abundance of determinable fossils as well as by the 
stratification. If Prof. Emmons’s view is right with regard to the 
western and eastern limestones and the intermediate Taconic schists 
that the order of superposition is the order of age, then the western 
is the oldest of the three, and consequently the Taconic schists be- 
neath which it dips are younger than the Trenton schists, inasmuch 
as the western limestone is partly of Trenton age. But it makes 
the eastern limestone younger still, or a part of the Hudson-river 
group. 

Facts prove, however, that the eastern and western limestones are 
the same formation flexed together, and that this limestone forma- 
tion in some plain cases underlies the schists, all being manifestly in 
a broad shallow synclinal. And hence, in the part of the Taconic 
range having only eastward dips, the probable conclusion, taking 
into view all the facts from the fossils, is that the beds le in general 
in a closely compressed synclinal. Eastward dips, as has been re- 
marked, prevail along the range; the broad and shallow synclinals 
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exist where the high and broad mountain masses occur, and are 


apparently the occasion of both the breadth and the height. 

These are, in brief, the facts relating to the stratification of the 
Taconic schists and limestones, and to the paleontological evidence 
of their age. For the details I refer those interested to the works 
and memoirs that have been already mentioned. 

I have not said, nor do I believe, that all the hydromica-schists 
west of the Taconic range that have been referred to the Taconic 
system, and first by Emmons, are equivalents of the Hudson-river 
group. Part are unquestionably Primordial, as their association with 
the underlying quartzite proves. But that this is the age of the 


chief part of the schists of the Taconic range appears to be established — 


both stratigraphically and paleontologically. 

The occurrence of hydromica-schists with the quartzite, and their 
interstratification, I have observed to be a common fact in Vermont, 
where the quartzite is largely developed, as well as in Dutchess 
County, where itis sparingly found. The area marked as quartzite on 
the coloured geological map of the Vermont Geological Report really 
consists of both rocks, but with the quartzite greatly predominating 
in some parts. 

In connexion with this paper on the Taconic system, I send also 
to the Geological Society a map of New England (a portion of the 
State of Maine excluded) on which is shown the position and 
general arrangement of the Taconic schists and the associated lime- 
stones of Western New England and Eastern New York (Pl. XVII.) 
It will be found to be a weighty argument of itself for the 
essential unity in system of the rocks referred to. The Archean 
enters into the area from the State of New Jersey on the west (where 
it constitutes the “ Highlands”), covers nearly all of Putnam 
County, and occurs in isolated areas in Connecticut, Massachusetts, 
and probably, as held by Prof. C. H. Hitchcock, in Vermont, east of 
that of the quartzite. The quartzite I believe now to be mainly, 
if not wholly, Primordial, and to rest unconformably on the Archean 
rocks, whenever the two come in contact. _ 

The map also shows the position of unaltered Lower Silurian 
rocks west of the north end of the Taconic range, in Central Ver- 
mont. The Red Sand Rock has been proved by fossils to be Pri- 
mordial ; and if the quartzite on the east (with the interstratified 
hydromica-schist) is also Primordial, then the two are the same 
formation. The next formation to this Red Sand Rock on the west 
is the Hudson-river Group, the beds lying against those of the Red 
Sand Rock in consequence of a prolonged fault, the existence of which 
was first indicated by Sir William Logan. 

The sources referred to for the outlines of the areas of Taconic 
schists and the associated limestones laid down on the map are, for 
the States of Vermont and Massachusetts, the coloured maps accom- 
panying the Geological Reports of those States; and for Dutchess, 
Putnam, and Westchester Counties, New York, my own maps, as 
published in my papers. Some corrections for the Vermont part 


have been made from a small map by Mr. Wing, and slight changes: 
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for that of Massachusetts from my own observations. The maps of 
Vermont and Massachusetts could be much improved by a more 
thorough survey; but the changes that would be thus introduced 
would not alter the general facts bearing on the Taconic question. 

A word further with regard to the paragraph cited in the early 
part of this paper from the Proceedings of the Geological Society. 

This paragraph makes the stratigraphical evidence doubtful, be- 
cause it says, “ where newer strata are in unconformable contact 
with older ones, the effect of lateral movements of compression, in- 
volving the two series, is generally to cause the newer and more 
yielding strata to dip towards and even beneath the edges of the 
older rock.” 

The fact here alleged may be questioned. But letting it stand 
that, under the conditions stated, the newer and more yielding 
strata are generally made to dip toward the older rock, it has no 
bearing here ; for there is no such general dip along the Taconic 
range. The limestone of its eastern side, here claimed to be the 
newer, does not generally dip toward the older rock, that is, toward 
the Taconic schists, which are claimed to be the older. Through 
nine tenths of the length of the belt, the dip, as all observers have 
found, and as recognized above, is eastward for both the eastern 
limestone, the schists, and the western limestone, the westward dip 
of the eastern limestone occurring, as has been stated, in the region 
of the higher peaks. Hence the point imsisted upon by the pro- 
pounder of the doubt, if true in fact, has no application to the region 
of the Taconic schists. 

The stratigraphical and paleontological demonstration of the 
Lower Silurian age of the Taconic and associated rocks leads us to 
conclusions of lithological interest. It enables us to decide defi- 
nitely what are some of the kinds of metamorphic rocks that may 
be of Lower Silurian age, and of the closing period of the Lower 
Silurian ; for the Taconic schists, which are in part roofing-slates 
at the northern extremity of the range in Vermont, where the meta- 
morphic changes were slight, are, a little to the south, hydromica- 
schist ; and further south, chloritic hydromica-schist and chlorite- 
schist, as well as ordinary hydromica-schist, each kind often granati- 
ferous; and then, still further, mica-schist, generally granatiferous 
and in some places staurolitic; and at the southern extremity they 
are in part mica-schist and gneiss. Such facts bear weightily on the 
lithological criterion of geological age in its application to meta- 
morphic rocks; and perhaps some will recognize in this a reason 
for the expression of that doubt remarked upon above. 

I leave the lithological branch of the subject with this single 
remark, referring to my papers on the limestone and associated rocks 
of the Green Mountains for further details. 
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EXPLANATION OF PLATE XVII. 


Geological Chart of part of Western New England and Eastern New York, 
representing the areas of the Taconic schists and the associated limestones 
and quartzite. The blank area to the east is occupied mainly by gneiss and 
mica-schist ; and that to the west, for the most part by the semicrystalline 
schist, argillite, and hydromica-schist. The quartzite formation extends south 
of the area so marked, through Massachusetts into Connecticut; but the areas 
of quartzite being small and not yet accurately mapped, they have been omitted. 


Discussion. 


Dr. Hicxs remarked that the Taconic controversy greatly re- 
sembled that going on in this country with regard to the rocks 
of the North-west Highlands. In the absence of Dr. Sterry Hunt 
he must oppose the views enunciated by Prof. Dana. He thought 
that the disturbed rocks of North Wales explained clearly how 
newer strata were continually made to appear to dip under the 
older ones, and the evidence generally quite bore out the views 
of Dr. Hunt. 

Prof. Duncan stated that the Society received with great pleasure 
this paper from a great master of geology. Prof. Dana described 
the country as not greatly disturbed by faults. He was inclined to 
accept the idea that metamorphism may have gone on during any 
part of the earth’s history. 

Prof. Jupp, in the absence of Prof. Dana, stated that-that author 
used the term Silurian in the same sense as M. Barrande and the 
late Sir Roderick Murchison. He admitted that the limestone 
series contained fossils which proved them to represent the whole 
series, from the Primordial up to the Upper Silurian. He had also 
distinctly stated that a number of Lower Silurian fossils had been 
found not only in the limestones but also in the schists, and in 
schists which had been expressly stated by Emmons to be a portion 
of his Taconic system. 
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42. On the Mapreporaria of the Inrertor Oorrre of the NEIcH- 
BpouRHOoD of CHELTENHAM and GuovcusTER. By Roxserr F. 
Toms, Esq., F.G.S. (Read May 10, 1882.) 


[Puate XVIII. | 


IntRopuction.—In 1878 I made known through the pages of the 
Geological Magazine* some genera of Madreporaria from the In- 
ferior Oolite of Crickley Hill, Gloucestershire, which, although not 
new, were nevertheless not only new to the beds under consideration, 
but also to this country ; and 1 at the same time increased the num- 
ber of species from that locality, observing that the paper would serve 
as a basis to which additions and corrections could from time to 
time be made. 

Since then a very extensive series of corals from the Inferior 
Oolite of Gloucestershire has come into my hands, and has enabled 
me to add very greatly to my previous paper, not only in the num- 
ber of species, but by the addition of genera not hitherto recognized 
as appertaining to the Oolite of England. 

T have also, by the acquisition of more abundant material, been able 
to correct some errors into which I, as well as others, had fallen, and 
to reduce some of the hitherto acknowledged species to the position 
of synonyms only. ‘The list of species I am now enabled to give is 
rather remarkable for the great number of genera as well as species 
it contains which are peculiar to the locality. But when we re- 
member the number of new forms discovered by MM. Edwards 
and Haime from the very limited collection submitted to their in- 
spection, we need not be surprised that, with the advantage of much 
more abundant material from the same locality, the coral-fauna 
should prove to be very distinct from that of other corallian deposits 
of the Inferior Oolite. 

In a paper by M. Milaschewitsch, published in the 21st volume of 
the ‘ Paleeontographica ’ 7, mention is made, at page 194, of a process 
of intermittent development which is very conspicuous in the Montli- 
valtice and observable also in some other genera, and which must 
here be explained. According to that zoophytologist, the corallum, 
under certain unknown conditions, can almost suddenly contract 
itself, and afterwards more or less quickly expand again and con- 
tinue its existence in a new form. ‘This M. Milaschewitsch 
distinguishes by the name of Verjiingungsprocess, which may be 
translated into a ‘‘ process of rejwenesence.” This rejuvenescence 
takes place in very different degrees and manners. Sometimes it 
leaves behind on the corallum only slight marks or step-shaped con- 
strictions ; but in other cases the constriction is much more strongly 
marked, so that the new form is perhaps only connected with the 


* Vol. v. July 1878. 
+ Die Korallen der Nattheimer Schichten. 
oo. G. 5. No. 152. oF 
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old calice by a footstalk ; and it may be in the centre of the calice, 
or on one side. 

In the first case, that is when central, only the septa of the first 
rank pass over, and they pass equally on all sides into the new calice. 
Tn the second, on the side opposite to the one where the constriction 
has taken place, all the septa of the old individual pass into the 
new one, whilst on the constricted side only the septa of the first 
rank pass in. 

This process, M. Milaschewitsch observes, has the greatest relation- 
ship to that of division, because a portion of the organs of the old in- 
dividual pass into the young one, though there is no addition to the 
number of individuals. From calicicular budding it is quite distinct ; 
for where that takes place the destruction of the old individual 
occurs, and one or more entirely new ones take its place. This is 
the case with the Rugosa: but it must not be confounded with 
rejuvenescence, as explained in the paper I have here referred to. 

In this important paper, and in one which accompanies it by Dr. 
E. Becker, the structure and natural affinities of a number of obscure 
Madreporarian forms are examined, and their relations made clear. 


When drawing up descriptions of corals, as well as when 
applying published descriptions to the specimens themselves, I have 
often found occasion to regret that the reference to one part of their 
structure was not more descriptive and exact. The coste are met 
with on such very different parts of the corallum, and are them- 
selves so variable in character, that I have for a long time past, for 
my own convenience, classified them as follows: 

Mural cost, or those which appear on the wall of the corallum, 
whether it be that of a simple or compound species, as, for 
instance, in Parasmilia or Latimeandra. 

Septal cost, or those which are a continuation of the septa, and 
not distinguishable from them, as in Thamnastrea and Holo- 
cand. 

Intercalicular cost, or those which cover the coenenchyma be- 
tween the calices of some compound species, as in Stylina 
and Cyathophora. 

The first of these, the mural cost, appear on the basal wall or plate 
which, in many compound species, is common to several corallites, 
and on the investing wall of the simple forms. In either case they 
hold a distinct and very close relationship with the wall. But the 
only connexion which the second kind of costee hold with the wall 
is by passing over its superior margin transversely onto the exotheca; 
while the third kind of coste do not necessarily come into contact 
with the wall at all, and if they do, it is only one end which abuts 
against it. But, indeed, the intercalicular coste are often repre- 
sented by tubercles or papille, which perhaps may not be coste at 
all. No precise name has yet, so far as I know, been given to these 
varieties of coste, except those I have here called the septal costze, 
which are usually spoken of in connexion with the septa as the 
septo-costal rays, a name which is very objectionable, as not, in some 
instances, applying to the parts under consideration. For instance, in 
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many Thamnastree the coste are placed parallel to each other, and 
cannot properly be called rays. In other instances, again, they 
anastomose, or are very flexuous, and can scarcely be made to come 
within the detinition of rays. 


Stratigraphical Distribution of the Species. 


As long ago as 1866 Dr. Wright made known, in the ‘ Proceedings 
of the Cotteswold Naturalists’ Field Club,’ the existence of three well- 
defined coralliferous deposits inthe Inferior Oolite of Gloucestershire, 
and gave their exact stratigraphical position, the localities where 
they could be observed, and as far as the material then at com- 
mand would permit, the species of Madreporaria they contained. 

Frequent search in these beds within the last few years has 
enabled me to greatly extend the list of species, and to refer them 
to the respective beds to which they belong, with greater accuracy 
than could before be done. 

I give the stratigraphical distribution of the species, arranged in 
a tabular form (p. 413), taking Dr. Wright’s three coral-reefs as 
my basis, but first adding some observations thereon. 

A few corals are seen scattered about in the Pisolite and in the 
compact yellow stoue beneath, lying between it and the Cephalopoda- 
bed, which latter is regarded by Dr. Wright as the upper bed of 
the Upper Lias. One species, Montlvaltia lens, occurs in both the 
compact yellow stone and in the underlying Cephalopoda-bed, and 
it is the only coral I have met with in the latter deposit. These 
are the lowest representatives of coral life in the Jurassic seas of 
England, with the exception of the Liassic species*. 

The Lower Reef of Dr. Wright lies directly upon the Pisolite, and 
it has all the appearance and character of a true reef. It consists of 
a fine-grained cream-coloured stone which is sometimes soft enough 
to be removed from the fossils with a hard brush. 

Specimens of corals so cleaned have often all the sharpness and 
delicacy of their parts preserved, and are almost as easy to study 
as recent specimens. But more frequently the bedding is so hard 
that it cannot be removed even with the aid of the graver. It is 
in this reef that the corals are most abundant; indeed in some places, 
as at Crickley Hill, they may be said to constitute the chief part 
of its bulk. 

There is every appearance in the lower coral-bed of the corals 
having lived and died where they are now found; for many old 
and dead examples are there seen, to which other corals and Ser- 
pul of delicate structure have attached themselves, and have re- 
tained their beauty up to the present time. 

The Middle Reef is in the oolite marl, a fine-grained chalky 
deposit. In corals it is by no means so rich as the lower one, 
éither as regards the number of the species, or the abundance of 


* By the Liassie species I mean those which occur in the Lias proper, and 
not those which have an equivocal place at the bottom of the formation, and 
are probably Triassic. 1 allude more particularly to those from the Sutton 
Stone of Glamorganshire, which I have always regarded as Rheetic species. 
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those which do occur. In fact it hardly merits the name of reef, 
being in some localities uncoralliferous, while in others the corals 
are rare. At the Horse Pools, Brookethorp, near Gloucester, where 
the lower reef is pretty well developed, the oolite marl, though 
present, and also by no means poorly developed, is not coralliferous. 
Near Ravensgate Hill, in the neighbourhood of Charlton Kings, 
there is an exposure of oolite marl which is, too, destitute of corals. 
But at Leckhampton, where also it can be well studied, the corals 
are tolerably abundant, but they are there confined to patches. 
The oolite marl also occurs and is coralliferous at Sheepscombe and 
Painswick. 

Although, however, it is by no means well stored with corals, it 
has some which are peculiar to it; they are Phyllogyra sinuosa, 
Latimeandra tabulata, L. Haimei, and Oroseris incrustans. Dona- 
cosmilia Wrighti, Montlivaltia Painswicki, M. tenwilamellosa, Oon- 
fusastreea consobrina, Anabacia complanata and Thamnastrea Lyella 
pass upwards into it from the lower reef. 

The Upper Reef is in the lower Trigonia-grit, which is a deposit 
quite unlike either of the other coral-beds here mentioned. It is 
of a yellow colour and scarcely oolitic, and contains many in- 
durated smooth lumps, which evidently had their present form before 
deposition, as parasitic shells and young Montlvaltie are often 
found attached to them. 

With the exception of Anabacia complanaia and Thamnastrea 
mettensis, which species also occur in the lower bed, this upper coral- 
deposit has its own species quite distinct from those of the middle 
and lower ones. It is well exposed at Leckhampton, Ravensgate, 
Birdlip, and Brown’s- Wood hills. 

The corals occur for the most part quite at the bottom of the 
Trigonia-grit, some of them even appearing to have actually grown 
upon the bed below; but others have much the appearance of having 
been derived from some other place not far removed. ‘The large so- 
called Thecosmilia gregaria, which is peculiar to this horizon, 
probably furnishes evidence to this effect; for while peduncular and 
therefore more or less globular specimens are common, older and 
branching ones are very rare. Probably those which were most 
easily removed are the ones now met with in the greatest plenty; 
but they cannot have come from any distant spot, or they would 
exhibit evidences of rolling. Possibly the exposures of this coral- 
liferous deposit were in the immediate neighbourhood of a reef, 
but they certainly have not the aspect of a reef proper. 

It is worthy of remark that no branching corals have yet been 
met with in this bed; and perhaps their absence, and the presence of 
rounded and smooth species of Jsastree and Thamnastree (which, 
of these genera, are alone observable) may furnish further evidence 
of their derivative origin, from the ease with which they would be 
removed. 

It will be seen that all the Montlivaltie of this upper coralline 
deposit are quite distinct from those of the other two. 

In the following Table, column No. 1 contains the species from 
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the Pisolite and the beds below it, No. 2 those from the lower 
reef, No. 3 those from the middle reef, and No. 4 those from the 
upper reef :— 
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A glance at the foregoing Table will at once show, from the small 
number of species which are common to the three coralliferous beds, 
that their connexion with each other is not very intimate. There 
is,, however, a certain relationship between the lower and middle 
ones, aS Many as six species out of forty-eight being common to 
both. 

Into the upper coral-bed, however, two species only from the 
lower bed pass ; and the importance of one of them is much lessened 
by the fact that it has a much more extended range in time, and is 
common in the Great as well as in the Inferior Oolite. It is 
Anabacia complanata. The other one, Thamnastrea mettensis, 
is much more abundant in the upper than in the lower coral-bed, 
as well as being of much more vigorous growth; it has not yet 
been met with in the middle reef to the best of my knowledge. 

The species here given, their distribution in time, and the growth 
and development of the individuals will at once show that the con- 
ditions favourable to the production of simple species were wanting, 


not only in the lowest beds, which are only a little above the Upper | 


lias, but also in the overlying lower reef; for while such species as 
fsastrea serialis and Oroseris oolitica had a vigorous growth and 
attained to a considerable size, the Montlivaltie were dwarfed and 
distorted in form. The same observation will apply in a great 
degree to the species in the lower reef. The simple corals found in 
it are mostly small and irregular in growth, while the compound 
ones are well formed and vigorous. In a word, the reef-builders 
throve, while those which were not reef species exhibit great poverty 
of development. 

Only two simple corals occur in the middle coral-bed, and they 
are continued into it from the lower one. They are the Montlivaltia 
Painswick of Prof. Duncan and Anabacia complanata. 

In the upper coral-bed, however, are several Montlwaltie, and 
they are of more regular and less interrupted growth, as well as of 
larger size, than those of the inferior deposits. They less strictly 
resemble the species of a true reef than those before mentioned. 
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Description of the Genera and Species. 


In the number and variety of the species, these coralliferous beds 
of the Inferior Oolite furnish interesting material for research. 
Several genera are now for the first time made known as occurring 
in the Jurassic formation of this country, some of which have not 
heretofore been recorded as appertaining to this or r any other English 
formation. 

Donacosinilia, hitherto known to have been met with only in the 
corallian of France, appears and is common in the lower and middle 
coral-beds at both the Crickley and Leckhampton Hills. 

Confusastrea has also been met with in the same beds and at the 
same places. 

Cyathophytha and Dimorphastrea I introduced into the English 
list in 1878, and the introduction of one has been confirmed by the 
acquisition of additional specimens, while the other proves to be a 
species of Dimorpharca. 

Oroseris, up to this time known as an Hnglish genus only by an 
unsatisfactory fragment from the Upper Greensand of Haldon*, is 
now represented by several well-marked species. 

Dimorpharea, established by M. de Fromentel in 1858-617, is 
represented by four. 

To complete the list of genera, the discovery of which has so much 
altered the whole facies of the coral-fauna of the Inferior Oolite, 
I must now mention two which I have found it necessary to create 
for the reception of certain corals which could,not satisfactorily be 
placed with those of any recognized genera. 

One of them is a genus af the compound Astreide, to which I 
have given the name of Phyllogyra. 

The other is one of the Poritids, and is here named Phylloseris. 


ZOANTHARIA APOROSA. 
Family ASTRAID A, 
Subfamily EusmiLin a. 


Genus Episminia, de From. 
EPIsMILIA, sp. 


A single example of a small turbinate coral was found by me in 
the Trigonia-grit at Ravensgate Hill, which, though not in a suffi- 
ciently satisfactory state of preservation to admit of description, is 
nevertheless referable to the genus Hpismilia. 

The edges of the septa have been worn off, but all of them have 
their sides quite smooth. The principal ones retain their size until 
they approach the greatly elongated fossula, when they become at- 
tenuated, much curved, and, crossing the central line, interlace, but 
do not blend with each other. 

The dissepiments are strongly developed and numerous, and placed 


* Prof. Duncan, Quart. Journ. Geol. Soc. vol. xxxy. p. 89. 
t+ Introd. Etude Polyp. Foss. p. 254. 
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so as to present much the appearance of a series of rudimentary 
inner walls, somewhat as in Circophyllia. The central part of the 
calice is quite free from dissepiments. 

I have not before seen the peculiar arrangement of the septa in 
the visceral region which is so apparent in this coral. 


EPIsMILIA, sp. 


Several specimens of a species quite distinct from the last have 
been taken from the same locality and from the same bed, which 
appear to differ from Montlivaltie in having smooth septa, which 
are alternately thick and very thin. ‘They have elongated fossule, 
but the septa do not interlace, and the dissepiments are feebly de- 
veloped and not distributed as in the former species. 


Genus Donacosmiria, de From. 
Donacosmit1A Wricuti, Edw. and Haime, sp. 

Axosmilia Wrightt, Edw. and Haime, Brit. Foss. Cor. pt. ii. p. 128. 

Montlhvaltia Holli, Dune. Supp. Brit. Foss. Cor. pt. 11. p. 16, pl. 1. 
figs. 5-8 (1872); Tomes, Geol. Mag. dee. ii. vol. v. 1878. 

Portions of a branching coral are very common in the lower and 
middle reefs of several localities in Gloucestershire. These, by 
comparison with specimens of Donacosnulia corallina received from 
M. de Fromentel have been satisfactorily determined as appertain- 
ing to that genus. It is characterized by growth by lateral gem- 
mation, and by septa, which have their margins entire. It is most 
frequently met with in single joints, which may show periods of 
growth or not. ‘These have been respectively described by Prof. 
Duncan as Montlivaltia Holl, and by MM. Edwards and Haime as 
Axosmilia Wrighti. The latter specific name must have the pre- 
cedence. 

It will not be necessary to add to the descriptions already pub- 
lished by those zoophytologists, excepting to state that it is a tall 
species, the branches of which are united to the larger stems by so 
small a point of attachment that they are readily broken off, and the 
acquisition of any thing like complete specimens, except when im- 
bedded in matrix, is very difficult. 

This species occurs commonly in the lower reef at Crickley Hill, 
the hill above the Horse Pools, and near Cooper’s Hill, and in the 
middle reef at Leckhampton Hill and Painswick ; but I have not yet 
met with a single fragment from the upper reef. 

I am indebted to Dr. Wright for the opportunity of examining 
the types of Awxosmilia Wrighti, and to Dr. Holl for the use of the 
specimens of Wontlivaltia Holli, figured and described by Prof. 
Duncan. The comparison of numerous specimens with these leaves 
no doubt as to the correctness of my determination. 

Since the publication of my paper on the Crickley Corals, I have 
entertained great doubts whether the species there referred to, the 
Thecosmilia Wright of Duncan, was any thing more than portions 
of Donacosmilia Wrighti which had attained to a greater size than 
usual; and I was led to entertain that suspicion in consequence of 
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some indications of lateral gemmation. But I have since met with 
some specimens which appear to have a well-marked though porous 
columella, which, so far as I know, is not characteristic of Donacos- 
mila at any age. 

Subfamily AstR HINA. 


Tribe LirHoPHYLLIACE. 


Genus Monrrivautia, Lame. 
Oppelisnulia, Duncan. 


It has been quite fully shown by M. Milaschewitsch how much this 
genus is subject to rejuvenescence, and that under its agency forms 
appear which at first sight may seem to be quite distinct from 
Montlvaltia. Such, as pointed out by him, is the genus Oppelis- 
milia, the brief definition of which, furnished by Prof. Duncan, is 
that of a Montlwaltia with calicular gemmation. The process, 
however, by which the example which became the type of the 
genus was produced is quite distinct from gemmation, and the genus 
thus formed must give way. 

I have met with a Montlivaliia from the Trigonia-grit of Brown’s 
Hill, near Seven Springs, which, while it fulfils the above definition, 
and really has true calicular gemmation, is nevertheless nothing more 
than a Montlhwaliia, and of a species which is by no means un- 
common there. But up to this time only one example having gem- 
mation has been met with. In that part of the corallum consistent 
with the position of the upper margin of the wall is imbedded a 
young corallite, obviously of the same species as the parent one. 
It has every appearance of having grown from the top of the wall, 
and both calices have grown together and have pushed each other 
out of shape. There is no proof, however, that the young calice 
was not produced by the accidental growth of an ovum in a part of 
the calice where it would not at once cause the death of the parent. 


MonTLIVALTIA TENUILAMELLOSA, Edw. and Haime, Brit. Foss. Cor. 
pt. i. p. 1380, pl. xxvi. fig. 11 (1851). 


Asis the case with so many of the Wontlivaltie of the Inferior 
Oolite of Gloucestershire, the present species is represented by indi- 
viduals which have a very dwarfed growth. 

Compared with the figure given by the original describers, two of 
the three at present identified specimens do not exhibit more than 
half, and the third not more than three fourths, of the size of that 
figure. They all differ also in having a less elongated fossula and 
more crowded septa. There are from 175 to 180 septa constituting 
five complete cycles and one incomplete cycle. In all of them the 
epitheca is lost, and they are much worn. 

Two have been collected from the Crickley-Hill reef, and one from 
the Pisolite at Leckhampton. 


MonTLIVALTIA CONCINNA, 0. sp. 


The corallum is small and pedunculate, and the peduncle is two 
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thirds of the whole height of the corallum. It is attached by a 
small base and has an epitheca which is thick but not concentrically 
wrinkled, and which does not extend to the margin of the calice. 

The calice is elongated, one of its sides being nearly straight and 
vertical, while the other is rounded and bent outwards. It is deep, 
and although elongated, its fossula is very short, being almost round. 
The margin of the calice is more or less expanded and everted all 
round. 

The septa are exsert, but they slope inwards and downwards into 
the centre of the calice without any break or interruption. They 
are alternately large and small, but all are relatively thick at their 
outer ends, and decrease in substance evenly as they approach the 
fossula, where they meet but do not unite. Their margins are all 
papillated, but not very regularly. There are five cycles and the 
rudiments of a sixth. Those of the first, second, and third cycles 
are nearly of a length; those of the fourth are not more than half 
the length of the former; and those of the fifth are quite short. 

Height of the corallum 6 lines. 

Greatest diameter of the calice 7 lines. 

Shortest diameter of the calice 5 lines. 

Three occurrences only of this small coral have come to my know- 
ledge. Two have been collected from the Pisolite at Leckhampton, 
and one from very near the sands at the base of the Inferior Oolite 
at Dover’s Hill near Chipping Campden. 


Monrrrivartra Morrist, Duncan, Supp. Brit. Foss. Cor. pt. 1i1. p. 17, 
pl. 1. fig. 13 (1872). 

Only one specimen has occurred to my knowledge in the Inferior 
Oolite of Gloucestershire. It is a dead one and partially obscured 
by Serpulze, but agrees pretty closely with Prof. Duncan’s description 
and figure. It has a distinctly peduncular foot, and the septa meet 
in the centre of the calice in awhorl. It only differs from the type 
specimen in having the upper part of the corallum non-expanding, 
but of a eylindrico-ovoid form with an oval calice. 

It was found by me in the Crickley reef. 


MonTLIVALTIA CUPULIFORMIS, Edw. and Haime, Brit. Foss. Cor. pt. ii. 
p. 182, pl. xxvii. fig. 1 (1851). 


A Montlivaltia answering well to the figure and description 
above quoted was taken by me from the compact yellow stone which 
lies between the Pisolite and the Cephalopoda-bed at Crickley Hill. 


Montrrvatt1a Wrieurt, Edw. and Haime, Brit. Foss. Cor. pt. u. 
p- 131, pl. xxvi. fig. 12 (1851). 


A single ill-preserved specimen of a Monilivaltia, having all the 
calicular peculiarities mentioned’ by MM. Edwards and Haime as 
characteristic of this species, was given to me with a large number 
of rejected corals from Crickley by Dr. Wright as long ago as 1859, 
but remained unnoticed until the present time. 

The large septa of the fifth cycle are very well shown, passing 
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inwards and being two thirds of the length of those of the first 
cycle. ‘The fossula, not visible in the type specimen, is in this 
one small, round, and well defined. ‘The only real difference 
between this specimen and the one figured by Edwards and Haime 
lies in the thickness of the septa generally, those of my specimen 
being thinner than those in the original one. 


Monrtivatt1a Parnswicxi, Dunc. Supp. Brit. Foss. Cor. pt. 1. p. 17, 

pl. i. fig. 12 (1872); Tomes, Geol. Mag. dec. ii. vol. v. 1878. 

The use of Prof. Duncan’s type specimen of this species, kindly 
supplied by Dr. Holl, has enabled me to confirm my decision respect- 
ing the coral I referred to this species which I obtained from 
Crickley. It appears to be a well-marked species, and occurs in the 
lower reef at Crickley and in the middle reef at Painswick. 


MonrLivALtIA TRocHOIDES, Edw. and Haime, Ann. des Sci. Nat. 
sér. 3, vol. x. p. 229 (1848); Brit. Foss. Cor: pt. u. p. 129, 
pl. xxvii. figs. 2-4 (1851). 


All the specimens of this species which I have seen from the 
Inferior Oolite of Gloucestershire have been of small size, and very 
often showed evidence of a dwarfed growth. 


MontTLIVALTIA PORPITA, 0. Sp. 


The corallum is turbinate, short, and attached by a small base. 

The epitheca is thin, smooth, and rudimentary, and does not 
extend quite to the margin of the calice. 

The calice is a very little elongated, and the fossula is wide and 
has a small and slightly elongated centre. 

The septa are numerous, thickly set, and somewhat exsert. Their 
sides are ornamented with vertical ridges which are very strongly 
marked and terminate in large but very irregular tubercles. 

There are five complete cycles of septa and part of a sixth. 
Those of the first and second meet and blend, but do not form a 
false columella. They are very thin outwardly, but increase in size 
regularly as they approach the centre. Those of the third cycle are 
about two thirds the length of the first and second, and the others 
decrease in length according to their order. 

It is only the longer septa which increase in thickness inwardly, 
but all have rough tubercles which are sometimes fused together. 
There are about twenty of these on the longer septa. 

Height of the corallum 5 lines. 

Diameter of the calice 7 lines. 

This species may be very readily distinguished by its peculiar 
septa, which thicken inwardly, and have very large and ill-defined 
tubercles. It bears a slight resemblance in this respect to a small 
species from the Upper Lias of Oxfordshire, which I have described 
under the name of M. tuberculata*. 

It occurs in the Trigonia-grit at Leckhampton Hill, and at 


* Quart. Journ. Geol. Soc. vol. xxxiv. p. 179, pl. ix. fig. 7 (1878). 
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Ravensgate Hill, but is rare at those places. I have also obtained 
one from the Perna-bed at Cold Comfort, and another from the 
Trigonia-grit between Bourton-on-the-Water and Notgrove station, 
on the Banbury and Cheltenham railway. In these two examples 
the septa, while retaining their thickness as they pass inwards, do 
not actually become thicker in that direction. 


Monrrivatt1a Suitrur, Edw. and Haime. 


Only three instances of the occurrence of this coral have come to 
my knowledge. ‘They were all found in the Zrigonza-grit, one at 
Ravensgate Hill, one at Leckhampton Hill, and the other at Brown’s 
Hill near Seven Springs. 

It is a Great Oolite species, and probably its earliest appearance is 
in this, one of the higher beds of the Inferior Oolite. 


MonrtivaLtia Lens, Edw. and Haime, Brit. Foss. Cor. pt.ii. p. 133, 
pl. xxxvi. figs. 7, 8. 
I have recently taken this coral from the compact yellow stone 
below the Pisolite at Crickley, where it was associated with some 
other Montlivaltie. 


MonTLivaLtiA, sp. 


Somewhat resembling VW. lens, having a wall which does not 
occupy the whole of the under surface. The calicular surface is 
much more elevated than in M. lens, and has an inflated and 
bulging appearance. I have received specimens, I believe identical 
with this, from M. Rigaux of Boulogne, which he obtained from 
the Great Oolite near that place. It is twice the size of M. lens. 
It occurs in the Trigonia-grit of the Ravensgate and Leckhampton 


Hills*. 
MontTLivaLita, sp. 


A short coral with a very elongated calice, which is occasioned by 
elongation on one side only. The fossula is very linear, and the 
septa very stout. The latter are much exsert, but the calice is very 
deep. Only one specimen has been met with, and it was taken from 
the Upper Freestone at Leckhampton. 


MoNnTLIVALTIA, Sp. 


A Montlivaltia of small size and turbinate form, which has an 
oval calice and stout straight septa. From the Trigonia-grit of 
Ravensgate Hill. 


MonTLivaLtlA, sp. 


Has a turbinate form with a much elongated fossula and very 
thin wavy septa. 


* T have also seen some examples of this species recently taken by Mr. T. J. 
Slatter, F.G.S., and Mr. E. A. Walford, F.G.S., from the Inferior Oolite at 
Hotley Hill, about a mile and a half westward of Hook Norton, Oxfordshire, 
where they were associated with TZrigonia costata, T. producta, Terebratula 
simplex, and Clausastrea Conybeari. As long ago as 1868 I met with a solitary 
example at that place, but did not then recognize it as distinct from M. lens, 
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Several specimens have occurred at Ravensgate Hill in the 7- 
gonta-grit. 

The above four species are quite distinct from each other, and 
from all those mentioned in this paper; but they are not in a good 
state of preservation, and their specific characters cannot be ascer- 
tained with sufficient accuracy for determination. 


Genus CYATHOPHYLLIA, de From. 


CYATHOPHYLLIA ooLiTica, Tomes, Geol. Mag. dec. i. vol. v. July 
Hoyo. (PL XVI. tes 4.) 


In my paper on the Crickley corals 1 described a single worn 
specimen from that locality under the above name, which had a 
much depressed turbinate form. Another example, even more worn 
than the first, has been since met with, which has a much more 
elevated form, being cylindrico-turbinate. The newer cycles of 
septa which were observed by me in the former specimen to have 
considerable irregularity of development, are very distinctly seen in 
the second one to pass into the older ones as they approach the 
columella. This peculiarity I can now trace in the original speci- 
men; and it must probably be regarded as of generic significance, 
for the same may be readily observed in a specimen of Cyathophyl- 
lia from the Middle Lias of Normandy—the species, indeed, which 
constitutes the type of the genus*. 

But, before the creation of Cyathophylha, Prof. Duncan had de- 
fined, under the name of Antillia y+, a genus which only differed from 
Montlivaltia in having a large columella; and in a subsequent 
paper t he called attention to the priority of the name given by him, 
both names being supposed to apply to species having similar generic 
peculiarities. It is probable, however, that the above indicated 


septal structure may sufficiently distinguish Cyathophyllia from 
Antillia. 


CYATHOPHYLLIA, sp. 


A species of this genus which is certainly distinct from the fore- 
going C. ooliticu, has an elevated turbinate form, a small spongy 
columella, and septa which are much less crowded and anastomose 
more freely. 

It is much worn, the edges of the septa being all destroyed, and 
the greater part of the epitheca. Enough, however, of the latter 
remains to show that it was pretty well developed. 

I refrain for the present from giving a description and imposing 
a name until better-preserved specimens are obtained. 

It was taken from the reef at Crickley Hill by myself. 


* Fromentel, Pal. Frang. Cor. Terr. Jurass. p. 86, pl. xviii. fig. 1. 
Tt Quart. Journ. Geol. Soc. vol. xx. p. 28 (1864). 
{ Quart. Journ. Geol. Soc. vol. xxix. p. 556 (1873). 
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Genus THEcosmizia, Edw. and Haime. 


Tuecosmit1a Wrieutt, Dunc. Supp. Brit. Foss. Cor. pt. iii. p. 17, 
pl. v. figs. 1-4 (1872). 


I have made diligent search for this species, and have met with 
a great many fragments, but as yet have not obtained a sufficiently 
complete specimen to satisfy me respecting its true affinities. In 
the transverse fractures of some of the pieces, I have seen something 
very much like a very porous columella. This, with some indica- 
tions of lateral gemmation, has led me to doubt whether it will not. 
prove to belong to some other genus than Thecosmilia. The acqui- 
sition of better specimens is necessary before this can be decided, the 
one I have seen in Dr. Wright’s collection not being wholly satis- 
factory. 


THECOSMILIA RAMOSA, d’Orb. Prodr. de Paléont. t. i. p. 292 (1850). 


One specimen only has yet been met with, and that was taken 
from the lower reef at Crickley Hill by my late friend Mr. J. W. 
Kirshaw, F.G.S. 


Genus Conrusastrma, d’Orb. 
CoNFUSASTR#A CoNsoBRINA, Edw. and, Haime, sp. 


Clausastrwa consobrina,Edw. and Haime, Pol. Foss. des Terr. Paléoz. 
p. 107 (1857); Hist. Nat. Cor. tom. ii. p. 552 (1857); E. de From. 
Introd. Etude Pol. Foss. p. 281 (1858-61) ; Tomes, Geol. Mag. vol. v. 
1878. 

Confusastrea consobrina, Ferry, Mém. Ool. Inf. de Macon, p. 23 
(1862). 


Under the name of Clauvsastra@a consobrina, I gave the present 
species in my list of Crickley corals; but a reexamination of the © 
specimen and comparison with some others from the Inferior Oolite 
of the Cheltenham district, as well as with two other species from 
the Great Oolite, has convinced me that it should be removed to the 
genus Confusastrea. This has, indeed, been done by M. Ferry as 
long ago as 1862; but his paper was overlooked by me when I was 
before working out the Crickley corals. 

There are three characters in this species which deserve especial 
mention, because they are most likely generic. One of them is the 
existence of very distinct walls between the corallites, as in [sastrea, 
which are not visible until the calices are worn down; another is 
the presence, deep in the calice, of a pimple-shaped columella; and 
the third consists of very distinct mural costz, which are spread 
over the whole of the under surface of the basal plate and arranged 
in fascie. If there is an epitheca on the common basal wall or 
plate, it has been lost in all the specimens I have seen. The genus 
Adelastrea of Reuss, from the Cretaceous beds of Gosau, is founded 
upon a species of Confusastrea. , 

T have obtained this species from the iower reef at Crickley and 
from the middle reef at Leckhampton. 
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ConFUSASTR#A TENUISTRIATA, D. sp. (Pl. XVIII. fig. 11.) 


The supposition expressed by me that the Jsastrea tenuistriata 
was not a true Isastrea has had partial confirmation by the ex- 
amination of a considerable number of specimens, which show that 
two species have been confounded under that name. 

The original description by M‘Coy, as well as that afterwards 
given by MM. Edwards and Haime, will apply to one of these, 
which is a true Jsastrea, though probably not avery typical species. 

The other is a species of Confusasircea, and may be described as 
follows :— 

The corallum is depressed and of a rounded or ovoid form. The 
under surface is a little convex, and is enclosed in a common wall 
and epitheca, notwithstanding which, however, the outline of each 
corallite, both inferiorly and laterally, is well defined. Laterally 
they are so distinct that they give to the corallum the appearance 
of a bundle of short sticks in close approximation, and there is no 
appearance of any ramification of the corallites by either lateral 
gemmation or fissiparity. 

The calices are either round or oval, or, when pressed together, 
lozenge-shaped. They are concave, with a small, ovoid, deep, and 
well-defined fossula, and the septa are exsert only near the outside 
of the calice. Between the calices is a very distinct though narrow 
line of depression. 

The septa are thin, and less closely placed than in Jsastrea tenwi- 
striata, the interceptal loculi being of a breadth quite equal to three 
times that of the septa. The number of septa in a well-developed 
calice is nearly ninety; that is, there are fuur complete cycles, and a 
fifth which is not complete. ‘The septa forming the first, second, and 
third cycles extend to the centre, and pass into the fossula: those 
of the fourth are half the length of the others, and those of the 
fifth are rudimentary. All are evenly and delicately but very 
distinctly geniculated. 

Some of the outer and half-enclosed corallites have a peculiarity 
which is deserving of notice, and which I have observed in some of 
the Liassic Jsastrew, though I have not before seen it in any of the 
massive Oolitic Astreide. I refer to the apparently intermittent 
growth of the individual corallites,; which have somewhat the | 
appearance of those of some of the Rugosa. They do not, however, 
possess a true Rugose character, though they probably approximate 
the species to the Triassic genus Hlysastrea of Laube *, from which, 
however, it differs in having a well-developed epitheca, and gem- 
mation which is confined to the circumference of the corallum +. 

The inner ring of septa in Hlysastrea, as shown in Laube’s figure 
and in the figures given by Prof. Duncan +, appears to me to be due 
only to this rejuvenescence of the corallites. It is merely a new 
calice arising from the centre of an older and larger one, just as we 


* Die Fauna der Schichten von St. Cassian, p. 261, pl. v. fig. 6 (1864). 

t Indicating, perhaps, some affinity with the group containing Latimeandra, 
Chorisastrea, and Phyllogyra. 

¢ Supp. Brit. Foss. Cor. 
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so often see is the case in simple Astreidee, though it is much more 
rarely observed in the compound species. J have now before me 
a specimen of Jsastrea Murchisoni, from the Lias of Skye, in 
which the inner calice is very distinct in some of the larger and 
older calices, just as in HZlysastrea, to which genus this species is 
closely affined. 

A reference to the figures of Isastrwa tenuistriata lately published 
by Prof. Quenstedt* may be desirable, as they explain in some 
degree the peculiarities I have mentioned, though at the same time 
they seem to indicate intercalicular gemmation. That celebrated 
paleontologist does not, however, appear to have regarded the 
species as possessing affinity with Hlysastrea, but. associating it 
with Jsastrea helianthoides and Isastrea explanata, considers them 
as the ultimate development of the form which he distinguishes by 
the name of Canotheca. The last-named genus is almost unknown 
in this country; and I am unable to offer any opinion on the 
relationship here suggested between it and Jsastra@a, excepting to 
remark that both increase by gemmation and not by fissiparity. 

I have placed this curious species in the genus Confusastrea 
with considerable doubt, because it possesses some peculiarities 
which I have not seen in that genus, though it is quite possible 
that they exist. One of these is the mode of gemmation, which 
is wholly external, and takes place so low down on the outside of 
the corallum that none of the corallites can properly be said to 
be furcate. Another is the great distinctness of the corallites, 
notwithstanding that they are enclosed by a common and thick 
epitheca ; and another the distinct periods of renewed growth or 
rejuyenescence. 

It has only as yet been found in the lower reef at Crickley Hill. 


Tribe AstTR#ACEA. 


Proyisionally I regard the genera which appear in the following 
Table as referable to the tribe Astraeacez, at the same time, however, 
pointing out that M. de Fromentel has elevated two of them to the 
rank of a family. These are Latimeandra and Chorisastrea. 

I have included Jsastrcea in the classification, although it has 
not serial calices, to show how near Latimewandra comes to it in 
having some of the calices single. But the similarity to it in that 
respect must not be regarded as of much importance, because 
gvemmation may at any time take place in the simple calices, and 
they may become serial, and remain characteristically represen- 
tative of the genus Latimeandra by remaining in a series. 

Of all the species of Latimewandra which I have examined, 
L. Davidsoni and L. Flemingi have the most regularly developed 
inner walis, and approach most nearly to the genus Jsastrea. In 
these species, when gemmation takes place, as it does, within the 
calice, a distinct wall often appears after a time around the young 
corallum, as in Jsastrea. This does not happen in the allied genus 


* Petrefact. Deutschl., Korallen. 
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Phyllogyra, in which no inner wall is produced. I think it is very 
probable that some of the recorded species of Latiumeandra will 
have to be removed to this genus, and only such species as have 
distinct inner walls, produced quite independently of the outer or 
enclosing ones, included in the genus Latimeandra. 


ASTRMACER. 
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Genus Isastraa, Edw. and Haime. 


IsasTRmA SERIALIS, Edw. and Haime, Brit. Foss. Cor. pt. 11. p. 16, 
pl. xxiv. figs. 2-8 (1851). 

I have already, in a paper on Oxfordshire Oolitic Corals *, given 
this as an Inferior-Oolite species, and now, on the evidence of 
two specimens, add it to the list of Gloucestershire species. One 
of them is in the collection of Dr. Wright, and the other in my 
own. ‘The latter was taken by me from the débris in a cavity in 
the compact yellow stone under the Pisolite at Crickley. 


IsasTR#A TENUISTRIATA, Edw. and Haime, Brit. Foss. Cor. pt. ii. 
p. 128, pl. xxx. fig. 1, not Tomes, Geol. Mag. vol. v. 1878. 


Astrea tenmstriata, M‘Coy, Ann. & Mag. Nat. Hist. ser. 2, vol. ii. 
p. 400 (1848). 

The examples of this species which I examined before writing 
my paper on “ The Crickley Hill Corals,” were, there is no longer 
any doubt, referable to another genus, and are now described as a 
Confusastrea. But other specimens have occurred which are un- 
doubtedly referable to M‘Coy’s Astrwa tenuistriata. In his descrip- 
tion he says, “centre obscurely granular ;” and in some specimens 
from the T'rigonia-grit at Rayvensgate Hill I have observed this 
peculiarity sufficiently pronounced to almost assume the appearance 
of a papillose columella. I have not hesitated, therefore, to reform 


* Proceed. Geol. Assoc. vol. vi. 


Q.J.G.8. No. 152. 26 
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the synonymy as above; but there are other respects in which the 


present species differs from the species of Confusastrea which is now 
also named tenuistriata. The septa are much more closely placed ; and 
occasionally those of the newer run into the older ones. Besides 
this, there is a common basal wall, of an expanded turbinate form, 
which has the coste considerably exposed, and is encircled by 
narrow rings of epitheca; gemmation is pretty frequent, and takes 
place from the walls, in the angles where they meet those of other 
calices. 

The most typical examples have been procured from the T’rigonia- 
grit at Ravensgate Hill and Birdlip Hill; and, so far as I am 
aware, it does not occur in either of the other zones of the Glou- 
cestershire Oolite. . 


TsAsSTR=A DEPRESSA, Tomes. 


Isastreea exepansa, Tomes, Geol. Mag. vol. v. 1878. 

Since the appearance of my former paper, I have learned that the 
name J had given to this species was already made use of; and I 
now therefore substitute the above. 

This is a common species in the lower reefs at Crickley and the 
Horse Pools ; but, owing to its thinness, it is seldom met with except 
in fragments. It is desirable to state that subsequent research has 
led me to suspect that this species is by no means typical of the 
genus Jsastrea. The continuity of the septa over the thick walls, 
as in the Jsastrea foliacea of M. de Fromentel, from the Portland 
Oolite of France, is very suggestive of septal coste and an exotheca, 
the existence of which would remove this species from the present 
genus. At present, however, I have failed to discover either exo- 
theca, dissepiments, or synapticule. 


Genus LaTIM ANDRA, d’Orb. 


LaTIM#ANDRA Freminer, Edw. and Haime, Brit. Foss. Cor. pt. ii. p. 
136, pl. xxvii. fig. 9. 


This is a common species at Crickley Hill, but it is almost always 
crystalline inside, and sometimes is nothing more than a hollow cast. 
This I have repeatedly observed, whilst Thamnastree taken almost 
in contact with it usually have the internal parts well preserved. 


Latimmanpra Davipson1, Edw. and Haime, Brit. Foss. Cor. pt. ii. p. 
137, pl xxvii! fis. 10. 


Occurs in the lower reef at Crickley Hill. 


Latimmanpra Harmer, n. sp. (Pl. XVIII. fig. 15.) 


The corallum has an irregular expanded form, and is wider than 
high. The under surface exhibits a broad peduncle, overhung by 
the upper part, which is somewhat fungiform with a convex upper 
surface. 

The under part is rugged and wholly without epitheca; the mural 
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cost are equal and of about the same thickness as the septa; and the 
spaces between them are a little wider than the coste themselves. 

The series of calices are generally straight, and the greatest number 
in one series is three. The walls are rather prominent, but are 
completely hidden by the septa, which come into contact with those of 
adjoining calices on their summits. The calices are shallow, but very 
well defined, the single ones being saucer-shaped and having no fossula. 
In some of them the bottom is nearly flat and of nearly the full 
breadth of the calice. 

The septa are nowhere exsert, their upper margin forming a gentle 
concave line which, when unworn, has about ten well-formed papille ; 
when these are worn off, the septa have a very uniform and smooth 
appearance. ‘There are three cycles, and part of a fourth. The 
septa of the first and second cycles are of equal thickness throughout, 
and meet and blend in the centre of the calice, but without forming 
a false columella ; those of the third cycle are three fourths of the 
length of those of the first and second; and those of the fourth vary 
according to their degree of development, but in some of the systems 
they are about half the length of those of the first and second cycles. 

The dissepiments are abundant. 

The diameter of the furrows is about 2 lines The height of the 
corallum is 14 inch, and its diameter 24 inches. 

I have only met with one specimen of this species; and it was 
obtained from the oolite marl at Sheepscombe, by Mr. W. Jenkins 
of Cheltenham. 

There is no difficulty in distinguishing this species from the other 
English ones. The shape of the calices, the uniformity in the thickness 
of the septa, and their union with each other in the centre of the 
calice will easily distinguish it from LZ. Davidsoni; and with the 
large-caliced LZ. Flemengi it cannot for a moment be confounded. 
Moreover the septa of the latter species often anastomose, which they 
never do in the present species. ; 


LATIMHANDRA TABULATA, N. sp. 


The corallum is massive, and the corallites, though well defined and 
appearing in bas relief on the lower and outer parts of the corallum, 
are attached to each other and have a common epitheca. 

In shape the corallum is subcylindrical, and as high as wide. It 
is attached by a small base, from which the corallites spring and 
radiate almost horizontally untilthey haveformed the base of thecoral- 
lum of the full diameter to which the corallum attains. Then another 
tier is placed upon them, and so on until the height of the corallum 
is attained. The exposed or outer boundary of these tiers of coral- 
lites consists of calices which are sometimes surrounded by a narrow 
ring of epitheca, though more frequently a bundle instead of a single 
one is so surrounded. 

Each corallite has rather numerous accretion-ridges; and there is 
an increase in their diameter at these points. 

The epitheca is well developed, and presents numerous rings and 
folds. 


262 
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On the top of the corallum the calices are crowded and have more 
or less of an angular outline, as in Jsastrwa ; but in well-preserved 
calices the septa are all exsert, and a narrow furrow invariably 
indicates their line of contact with each other.. In younger specimens 
they are less closely packed; and then they preserve their rounded 
form. 

When rubbed down, the corallites are seen to be distinct from each 
other, though there is not space enough between them for the 
growth of any exotheca. 

The septa are rather thick, exsert, and have their margins fur- 
nished with regular tubercles, of which there are eight or nine on 
each septum. 

There are five cycles and part of a sixth. The primary ones are 
all of nearly uniform thickness, and almost meet in the centre, leaving 
a very small and irregular fossula. The septa of the second cycle 
are nearly as long as the first, and those of the third are two thirds 
of the length of the first. 

Diameter of the corallites about 2 lines. 

Height of the corallum 6 inches, diameter 4 inches. 

From the oolite marl at Sheepscombe. Young examples have 
also been taken from the same bed by my friend Mr. T. J. Slatter, 
F.G.8., and by myself at Leckhampton Hill. 


Genus CHorisastrma, de From. 
CHORISASTRHA RUGOSA, 0.Sp. 


The corallum springs from a point of attachment, and is at first 
massive; but the corallites are afterwards divided into groups or are 
single. 

The under surface is rugged, and expands upwards and outwards, 
and the corallites show in bas relief. 

A common, wrinkled and thick epitheca encloses the under part 
as well as the bundles of corallites and the single ones. The upper 
or calicular surface is flat, and the calices are arranged a good deal in 
series. Towards the centre the calices are most crowded, and consti- 
tute oftentimes a confused mass of confluent calices ; but towards the 
outside, and even when not divided either into single calices or into 
groups, they are well defined, round and prominent, and sometimes 
have a rudiment of epitheca surrounding them. Their septa are exsert, 
rather stout, and diminish in thickness as they approach the centre 
of the calice, where the greater part of them unite and form a spurious 
but dense columella. 

It is rather difficult to determine with exactness the number of 
cycles; but in the single and prominent calices there are about 120 
septa, or five cycles and part of a sixth. 

All the specimens examined have lost the edges of the septa ; but 
the vertical ridges which ornament their sides remain and are acute, 
irregular, and not very near together. 

Dessepiments are abundant. 

I have met with this species in the lower reef only, at Crickley Hill, 
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and at the Horse Pools, near Gloucester, at which places it is not 
uncommon. 


CHORISASTRHA GREGARIA, M‘Coy, sp. (Pl. XVIII. figs. 1-3.) 


Montlvaltia gregaria, M‘Coy. Ann. & Mag. N. H. ser. 2, vol. ii. 
p- 19 (1848). 

Thecosmilia gregaria, Edw. and Haime, Brit. Foss. Cor. pt. u. 
p. 135, pl. xxviii. 


MM. Edwards and Haime, in their great work on the British 
Fossil Corals, after stating that the corresponding calices in Theco- 
smilia annularis are on the same level, observe that that peculiarity 
is, however, only attained with age, and that therefore specimens of 
various ages are necessary for the purpose of investigation*. 

Of Thecosmilia trichotoma they say that the corallites “ arrange 
themselves so as to constitute a short row, and do not separate 
immediately from each other; it may even happen that a few of 
these small series of corallites remain in contact laterally, and thus 
assume the form of Symphyllia. But these variations in the general 
form are only met with in young specimens, and have never been 
met with in the older large corals’ t. 

The same authorities speak of Thecosmilia gregaria as follows :— 
“< T. gregaria differs still more from the preceding species [ T’hecosmilia 
annularis| by the corallites remaining in general grouped in fasciculi 
to a considerable distance from the parent calice on which they were 
formed by fissiparous gemmation, a mode of arrangement which we 
have not met with in the other corals of the same genus’’t. 

From the foregoing passages it is evident that even so long ago as 
1857 the present species was not regarded as typical of the genus: and 
Prof. Duncan, in his Supplement to the work of MM. Edwards and 
Haime, appears to have found even greater difficulty in defining the 
species with precision ; for he speaks of as many as five varieties from 
Crickley alone, which, excepting for the examination of a considerable 
series from other scources, might have been supposed to have re- 
lations with Heterogyra, Symphyllia, and Latimeandra. Prof. 
Duncan also refers to a series in Dr. Wright’s collection which 
appear to graduate into Symphyllia§. 

In my former paper on Crickley corals I expressed an opinion that, 
with the examination of a greater number of specimens of this species 
and of more varied age, a different and more definite conclusion 
respecting its affinities would be arrived at; and I held that opinion 
because I had already seen some young individuals which only re- 
quired identification with Thecosmilia gregaria to furnish characters 
which would remove it from the genus Thecosmilia altogether. The 
acquisition of a great many specimens of all ages has supplied the 
intermediate forms; and these have led to the appearance of this 
well-known species with those with which it is here associated. 

In young and typical individuals the appearance is that of a much 


* Page 84. t Page 85. t Page 87. 
§ Supp. Brit. Foss. Corals. 
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depressed Montlivaltia, attached by its whole breadth; and the first 


indication of a deviation from that form appears by the outer mar- 
gin assuming greater lateral prominence, and becoming somewhat 
lobate. With continued growth the lobes become more distinct, 
until their sides meet and push each other upwards into short 
subcristiform ridges. About this time gemmation first makes its 
appearance amongst the elongated septa (coste) near the extremity 
of the lobes, sometimes in each one simultaneously, and producing 
a complete circle of young calices around the parent one; though 
more frequently they are few in number, and irregular both as to 
position and time of making their appearance. 

Although I have examined great numbers of this coral,. I have 
hitherto wholly failed to detect gemmation taking place after the 
formation of the basal portion of the corallum ; and if it is confined 
to that part, this species would resemble Chorisastrea in its mode of 
development. 

The corallites which have more than one calice, have often much 
the appearance of fissiparous growth; but a close examination 
shows that the calices are the result of gemmation which took place lower 
down in the corallum, and that they have continued their near re- 
lationship to each other while the coral was increasing in height. This 
I have ascertained by means of sections, showing that very frequently 
two or more calices hold precisely the same position in relation to each 
other on the summit of a corallite that they did near to its junction 
with the peduncle from which it and other corallites sprung. 

I have arrived at the conclusion that the serial arrangements of 
the calices in the group to which this species belongs, must be re- 
garded as an ultimate and essential character, and not as representing 
fissiparity in the process of dividing the calices into series, to be again 
brought into corallites with simple calices by the mere process of 
upward growth. 


PHYLLOGYRA, n. g. 


The corallum has a more or less depressed and massive form, and 
is composed of a series of leaf-like expansions, proceeding laterally 
from a parent corallite, the curled-up margins of which unite and 
form sinuous cristiform ridges, the line of union of which is very 
distinct in the younger examples, but much less so in the older 
ones. 

Gemmations take place successively amongst the elongated septa 
(which must be regarded as coste rather than septa), and generally 
towards the extremity of the leaf, and a more or less distinct line 
of calices is produced. ; 

There appears to be no intercalicular gemmation, so common in 
many of the Astreide, as, for instance, in Jsastr@a or even in 
Latimeandra ; and when lateral gemmation has ceased, the corallum 
only increases in height by the growth of the single or serial coral- 
lites upwards. 

There is a common or basal wall, which is either naked or costu- 
late, or has bands of rudimentary epitheca. It is by the folding 
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inwards of this outer wall, and not by the growth of inner walls, 
as in Isastrea and Latimeandra, that the sinuous ridges are formed. 

itis with Latimeandra rather than with Heterogyra that this genus 
is by its mode of gemmation most nearly associated ; but there are no 
true walls as in Latumeandra either dividing the calices into short 
series or enclosing single ones. Moreover the elongated septa of 
Phyllogyra are true cost; and none such occur within the well- 
developed walls of Latimeandra. 


PHYLLOGYRA HETHERIDGEI, Dune. sp. 


Symphyllia Etheridge, Duncan, Suppl. Brit. Foss. Cor. pt. i. 
p. 19, pl. vi. figs. 5-8. 

This species has been met with quite commonly in the Trigonia- 
grit at Leckhampton; and I have a single specimen which was ob- 
tained somewhere near Cooper’s Hill by my late friend Mr. J. W. 
Kirshaw, F.G.S. ; but from no other locality have I as yet met with 
it. It appears to be wholly confined to the upper reef of Dr. 
Wright; and the Leckhampton specimens occur, for the most part, 
quite at the bottom of the bed which takes its name from the Zri- . 
gonia costata. 

A specimen in Dr. Wright’s collection has been named by Prof. 
Duncan ; and an examination of it, with the opportunity of com- 
paring numerous and more characteristic specimens, has enabled. 
me to determine its true character with tolerable certainty. The 
Cooper’s-hill example shows gemmation actively taking place at the 
margin of the leaf-like expansion. 


PHYLLOGYRA sInvosA, n. sp. (PI. XVIII. figs. 5-7.) 


The corallum is of rather small size and depressed, the under 
surface being either flattened or concave; and there is no appear- 
ance of a peduncle. ‘The upper surface is either flat or convex. 

The furrows are sometimes long and rather deep, and they are 
nearly as wide at the bottom as at the top. They are very tortuous, 
of very unequal breadth; and the ridges bounding them are conse- 
quently very sinuous. These furrows, with their surrounding 
ridges, are in fact long unsymmetrical leaves, often having lobes, 
the edges of which are turned up all round and rise up into a 
kind of peak, where they meet and make angles. At no point do 
these ridges present the appearance of true walls, as in Latume- 
andra Davidsoni and L. Flemingt. Not more than six calices occur 
in one leaf or furrow. ‘They are small, rather deep, pretty well 
defined, and not very closely placed. 

The septa are thin, flexucus, equal in thickness throughout; and 
the principal ones pass quite into the centre of the fossula, but do not 
there form a mass. Their edges are delicately papillated. They 
frequently anastomose, but only near the outside of the leaf, where 

they must be regarded as septal coste rather than as septa. There 
are about twenty-four septa to each calice. 

Gemmation takes place near to the margin of the leaf, and 
more frequently on the side of the corallum than on the top—that is 
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to say, more frequently at the ends of the leaves than at their curled- 
up lateral edges, thus promoting an outward or horizonal, rather than 
an upward or vertical growth. 

The largest corallum observed has a diameter of 3 inches, and a 
height of 1 inch. 

The longest leaf or furrow, following its curves, is 1 inch, and its 
diameter 14 to 3 lines. 

I have taken examples of this coral from the oolite marl of 
Leckhampton Hill; and one has been forwarded to me from Mr. W. 
Jenkins, of Cheltenham, which he took from “the oyster-bed,” 
Cleeve Hill. 


Genus CanorHeca, Quenst. 


This genus has been proposed by Prof. Quenstedt for a small 
group of the Astreide, which while retaining the form of simple 
turbinate Montlivaltic, nevertheless have some smaller calices placed 
in an irregular manner outside a larger and more central one. 

The definition of the genus is unsatisfactory, and, without the 
excellent figures which accompany it, would be of very little value. 

So far as I can judge, the smaller calices are the result of gem- 
mation, and not of fissiparity; and I believe the genus, if a good 
one, should be placed in connexion with Latimeandra, Chorisastrea, 
and Phyllogyra (see p. 448). 

I have met with a specimen from the Pisolite of Crickley Hill, 
which seems to fulfil the conditions necessary for its identification 
with this genus; but I have regarded it hitherto as the peduncle of 
some species. 


Genus Gontocora, Edw. & Haime. 


GonIocora concinnA, n. sp. (Pl. XVIII. figs. 18, 19.) 


Fragments in a pretty good state of preservation of a small 
species of coral referable to this genus are not uncommon in the 
lower reef at Crickley Hill; they are quite distinct from those of 
the Coral Rag of England, France, and Germany. 

The species to which it bears the greatest resemblance in size, 
mode of growth and number of septa, is the one figured by M. de 
Fromentel under the name of G. Haimei; but it differs from this 
considerably in the number of cycles of the septa, and in the rela- 
tively greater development of the higher orders. 

It appertains to the “décaméral” division of the genus, and 
cannot be confounded for a moment with our Steeple-Ashton 
species, which has the normal number of septa, six, instead of, as in 
this species, ten primary ones. 

It is asmall species ; and the mural cost are nearly smooth, and 
have between them rather scattered dissepiments. On some of 
the branches are intermittent rings of rudimentary epitheca. 

The septa are somewhat exsert, and have regular papillated mar- 
gins, the number of papille being about ten or twelve. They are 
much less stout at the outer end than in either G. Haimei or G. 
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socialis ; and consequently they do not decrease in size so rapidly as 
they approach the centre of the calice. 

There are ten primary septa, and an equal number of secondary 
ones, which are two thirds the length of the primaries. ‘The ter- 
tiary septa, completing the septal formula, are half the length of the 
secondary ones. 

_ In sections of the corallites an elongated columella is visible; but 
this cannot be seen in the unworn calices. 

I have not, up to this time, met with any other representatives of 
the genus in the Inferior Oolite except the. present one, and I have 
only obtained it from Crickley Hill. 


Family FUNGIDZ. 
Genus THEcosEris, de From. 


THECOSERIS POLYMoRPHA, Tomes, Geol. Mag. Decade iu. vol. v. 
HSS. (El XVII hes: 12,13.) 


Since the description of this species appeared several other ex- 
amples have been met with, some of which, obviously younger 
individuals, differ from those described in being attached. Probably 
with greater age they would become free. 

On this genus* I made some observations, comparing it with 
Turbinoserts and Podoseris}, which now require modification. The 
latter genus was formed for the reception of two species from the 
Red Chalk of Hunstanton. After the description of the genus, Prof. 
Duncan states that “the genus has been created to admit Micra- 
bacie with adherent bases and more or less of a peduncle.” Recent 
researches, however, made with the assistance of specimens in better 
preservation, have brought to light some quite unexpected features 
which will remove these Cretaceous species from the genus created 
for them, and place them in an old and well-defined one. When 
these are eliminated the genus Podoseris will rest solely on the 
P. constricta of the Inferior Oolite of Dorset, which differs from 
the species forming the type of the genus, in having a restricted 
instead of an expanded base, and in being destitute of epitheca. 
This approximates it more nearly to Turbinoseris, which may have 
either an expanded or contracted base, and may have an epitheca 
which is rudimentary, but which is frequently distinctt. How 
nearly the genus Zurbinoseris, as amended by Prof. Duncan, may 
resemble Thecoseris I am not fully prepared to say; but it would 
seem that the latter is much more nearly allied to the more 
recently created genus Palwoseris§. With this genus it will, 
according to my view, be found to be identical. | 

The present species has been met with in the lower reef at Crick- 
ley, the Horse Pools near Gloucester, and near Cooper’s Hill. 


* From. et Ferry, Pal. Frang¢. Terr. Jurass. pl. lviii. fig. 2, 1869. 
t Duncan, Supp. Brit. Foss. Cor. pl. ii. p. 25, 1869. 

t Duncan, Quart, Journ. Geol. Soc. vol. xxix. p. 558. 

§ Ibid. vol. xxvi. p. 301. 
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ZOANTHARIA PERFORATA. 
Family PORITIDA. 
Subfamily Poritinaz. 


Genus Anasacta, d’Orb. 


ANABACIA CoMPLANATA, M.-Edwards, Hist. Nat. Cor. tom. iii. 
p. 3l. 


Fungia complanata, Defr. Dict. Sc. Nat. tom. xviii. p. 27 (1820). 


Anabacia orbulites, Edw. & Haime, Brit. Foss. Cor. pt. ii. p. 120, 
pl. xxix. fig. 3. 

M. Edwards has, in the third volume of the ‘General History of 
Corals,’ referred this very common species, and no doubt correctly, 
to the Fungia complanata of Detrance. 

Its place as a lower-reef species rests upon a single specimen ob- 
tained at Crickley by Mr. W. Jenkins, of Cheltenham. I have one 
from the oolite marl at Leckhampton Hill (which is the middle-reef ), 
and a considerable number from the Lower 7Z'’rigonia-grit (or upper 
reef) of Leckhampton Hill, Ravensgate Hill, Brown’s Hill, near 
Seven-springs, and from the railway-cutting between Bourton-on- 
the-Water and Notgrove, on the Banbury and Cheltenham railway. 


Genus THamnastrma, Le Sauvage, 1822. 


The removal of this genus first from the Astreide to the Fun- 
gide, and afterwards to the Poritids, has resulted from the sub- 
stitution of the investigation of internal structure for the mere 
examination of outward form; and it yet remains to submit all the 
species at present included in the genus to that strict method of 
inquiry. After the careful examination of a great many specimens 
of Thamnastrea arachnoides from Steeple Ashton, I have failed to 
ascertain whether the septa are perforate or not. If the septa of 
that species should prove to be imperforate, as I believe they will, 
it would have to be put back to its place in the Fungidw, and pro- 
bably all the other species which have been placed with it in the 
subgenus Synastrea. 

Two species of this group I have described from the Middle Lias 
of Oxfordshire, under the names of 7. Etheridge and T. Walfordi. 
The 7. Manseli of Prof. Duncan is another species; and two others 
are here described as J’. crickleyensis and JT’. Duncani. Probably 
Thamnastrea Dumonti of MM. Chapuis and Dewalque™*, as well as 
the 7. papillosa and 7’. biformis of Reussy, are referable to this 
subgenus. 

The genus Astrwomorpha, proposed by Reuss in 1854 +, has been 
subjected, at the hands of Milaschewitsch $, to the same critical exa- 


* Foss. Terr. Sec. de Luxemb. p. 270, pl. xxxviii. fig. 11. 

t Denkschr. der Akad. Wissensch. Wien, 1867. 

{ “Beitr. zur Char. Kreide. Ostalpen.,” Denkschr. der Akad. Wiss. Wien, 1854, 
p.i27, pl. xvi. 

§ Palzontographica, vol. xxi. p. 222. 
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mination which has been exercised on the allied genera Thamnas- 
trea and Microsolena; and the result has been its establishment as 
a subgenus. 

There seems no doubt that it corresponds with the subgenus Cen- 
trastrea, proposed by de Fromentel in 1858-61*; and therefore, 
while we adopt the name of Synastrea, proposed by de Fromentel, 
for such Thamnastree as have a spongy columella, we must also make 
use of the name of Astreomorpha, given by Reuss to those which are 
characterized by the existence of a styliform columella. 

The true Thamnastree would then be those which have no 
columella. 


Subgenus Synastrma, de From. 
THAMNASTRHA (SYNASTRAA) CRICKLEYENSIS, 0. Sp. 


The corallum has a depressed form, the under surface being a 
little convex, with a subcentral prominent part, which was a point 
of attachment. The upper surface is flat, and presents an oblong 
figure, which is somewhat kidney-shaped, with the outer edge thin 
and a little undulating. 

The epitheca is rudimentary and disposed in rings; but as there 
is much more of it on one side of the corallum than the other, it is 
probable that it has been equally developed, but since destroyed. 

The mural costz are thin, straight, uniform, and parallel. Their 
thickness is not more than half the width of the interval between 
them. ‘Their synapticule are distinct, though not strongly de- 
veloped. 

The calices are evenly scattered over the upper surface. They 
are rounded, with a distinct disposition towards a quadrangular 
form; and the coste between them form ridges, which give to the 
calices much the appearance of those of the Jsastreew. The distance 
from centre to centre of the calices is from 2 to 24 lines. 

The septa and septal costee are thick; and the latter are almost in 
contact with each other laterally, where they join those of other 
ealices, with which they form a more or less obtuse angle. They 
decrease in thickness inwards as they approach the columella, into 
which they blend. ‘The point at which the septa pass into and be- 
come septal coste is often indicated by the latter becoming forked. 
All these have lost their upper margins and become smooth. From 
twelve to sixteen septa occur in each calice, being two cycles and 
the rudiments of a third. 

The columella, when the calices are not much worn, is small, but 
well defined, and consists of a number of papille, varying from three 
or four to seven or eight. When the calices are much worn down it 
is of greater size, and presents the appearance of a spongy mass. 

This new species has been met with once at Crickley Hill. The 
specimen was a dead one, with all the calicular surface more or 
less worn down and partially obscured by a growth of delicate 
Bryozoa before fossilization took place. 

It is to Thamnastrea arachnoides of the Coral Rag that the 

* Introd. Etude Polyp. Foss. p. 215 (1858-61). 
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present species bears the nearest resemblance; but it differs there- 
from in having the calices nearer together and smaller, and in having 
the mural costze much more delicate, further apart, and their synap- 
ticule more uniform. In 7’. arachnoides these cost are continuous 
with the septa, and of the same thickness where they pass over the 
edge of the corallum: but in 7’. crickleyensis they are not half the 
thickness of the septa. 


TaamNnastrza (Synaste#aA) Duncant, n. sp. 


This is a small and turbinate species, which bears a little re- 
semblance to the Thamnastrwa Dumonti of MM. Chapuis and De- 
walque*, but differs from it in haying the calices further apart, 
and in having thin flexuous septal costae, which anastomose ex- 
ceedingly. To Thamnastrea Manseli it also bears a little resem- 
blance, but differs essentially in having a large spongy columella, 
and furcate and bifurcate septal costa, and in having smaller calices 
and thinner septa. 

The corallum is somewhat turbinate, and was attached by a small 
space. It exhibits periods of growth, and has the outer margin 
of the calicular surface a little everted. 

The epitheca is thick and rather rugose, but of intermittent 
growth, showing itself as irregular rings around the corallum. 

The mural coste are straight, thin, and appear to be wholly with- 
out synapticule. 

The calicular surface is rather convex ; and the calices are scat- 
tered over it without order, and are rather far apart in relation to 
their size. 

They are small, round, shallow, and have a spongy columella, 
which is nearly half their own breadth. 

The septa are thin, flexuous, and join the columella. Their 
margins are irregularly papillated. 

The septal cost are long, flexuous, and anastomose a good deal. 
They have a radiate arrangement without any tendency to the 
parallel disposition observable in so many Thamnastrew. Their 
margins have regular papillle. Where they join those from other 
calices they are very crooked. hey have numerous but small syn- 
apticule, which are not cuneiform and do not approach very near 
to the columella. 

There are two complete cycles of septa and part of a third. 

The calices are about | line in diameter, and 2 lines from centre 
to centre. 

The height of the corallum is 1 inch, and its diameter 17 inch. 

I have met with only one specimen of this coral; and that was 
taken by Mr. W. Jenkins, of Cheltenham, from the lower reef at 
Crickley Hill. 


THAMNASTRHA (SynastR#A) Mansetr, Duncan, Supp. Brit. Foss. Cor. 
pt. ii. p. 20, pl. iv. figs. 11-14 (1872). 
Of this well-marked species I have as yet only seen one speci- 
* Foss. Ter. Sec. de Luxemb. p. 270, pl. xxxviii. fig. 11. 
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men. It was taken by me from the Zrigona-grit at Ravens- 
gate Hill. The only difference between it and the specimen which 
supplied Prof. Duncan’s figure is in the septa and septal coste, 
which are more uniform in thickness in my specimen than they are 
shown to be in the figure. That difference, however, is most likely 
due to those parts having been less worn down in the one from 
Rayensgate than in the type specimen. 


THamwnastR#A Lynii1, Edw. & Haime, Brit. Foss. Cor. pt. ii. 
p. 118, pl. xxi. fig. 4. 1851. 


MM. Edwards and Haime mention a cast found near Bath by 
Mr. Bowerbank which they refer to this species, but observe that 
the calices are smaller and more crowded than in the specimens from 
Stonesfield. 

Compared with Stonesfield examples, I find that the Gloucester- 
shire ones present precisely the same differences which are here 
mentioned. But they also have the septa and septal cost more 
exsert, becoming on the smaller branches subcristiform, with their 
papille placed transversely. The cycles of the septa are just as in 
the typical Thamnastrea Lyell. 

I do not think the differences here indicated sufficient to con- 
stitute a new species. 

The basal portion of a specimen from Crickley Hill, showing the 
attachment, measures 14 inch in diameter. Fragments of all sizes 
are to be met with both at Crickley Hill, in the lower reef, and at 
Leckhampton Hill, in the middle reef. 

I have entertained some doubt about the real affinities of this 
species, and am by no means satisfied that it is really a Thamnastrea. 
In some examples, whether from the Inferior Oolite or the Great 
Oolite of Stonesfield, from which place the type specimens were 
taken, there is often an indication of a circular calice, which was 
hidden until the coste were worn away. At no age nor in any 
state of preservation have I succeeded in detecting synapticule. If 
it is one of the Astreide, it is to the genus Convexastrca that it is 
most nearly allied, though it possesses a columella. 


THamnastR@A WRieutr,n.sp. (PI. XVIII. fig. 14.) 


The corallum is oblong or rounded, always more or less de- 
pressed, and has the calicular surface varying from a slight degree 
of concavity to a flat or slightly convex surface. Generally the 
under surface has a little convexity, with a central prominent point 
of attachment; but it is sometimes flat, or even concave, with the 
same prominent part. In one instance only have I seen it with a 
height greater than the base, formed by layer upon layer. 

The epitheca is generally rudimentary, seldom appearing as more 
than a succession of concentric bands, and it is often absent 
altogether. 

The mural costz are distinct, straight, delicate, and connected by 
numerous oblique synapticule. 

The calices are small, and scattered without order over the upper 
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surface ; but towards the outside there is often a disposition towards 
a linear arrangement, the lines corresponding with the outer margin. 
They are distant from each other in every direction about 14 line. 

The septa and septal costze are thin, and they are irregular both in 
their length and degree of prominence. They are crooked, but not 
by a curvature, but by having from two to four angles between one 
calice and another. The principal ones are much more prominent 
than the others; but their degree of projection is irregular. All, 
when unworn, have thin edges, which have rather obscure pro- 
cesses, which are long in the direction of the length of the septum. 
There is a slight tendency in the septal coste towards a radiate 
arrangement; but this is very little observable in many specimens. 
They very rarely anastomose with each other. 

The greater prominence of the principal septa and septal costee, 
their thinness when unworn, as well as their angular but not 
curved form, will distinguish this species from others from the 
Inferior Oolite. 

When worn down the septal coste have great irregularity, each 
in its own length; but they do not much differ from each other. 
The largest specimen I have seen is 5 inches in diameter, and 12 
inch thick. 

It occurs plentifully in the Zrigonia-grit of Ravensgate Hill, 
Brown’s Hill, Birdlip-Hill, and a railway-cutting between Bourton- 
on-the-Water and Notgrove, and also in the Perna-bed at Cold 
Comfort, vear Cheltenham. 


THAMNASTR@A FLABELLIFORMIS, 0. Sp. 


Three instances only of the occurrence of this species, which is 
distinct from all others I have seen, are known to me. 

The corallum of one of the specimens is attached, and consists of 
three upright turbinate parts, united into a series, and forming a fla- 
belliform figure, surrounded by a common epitheca, and having a flat- 
tened top, which constitutes the calicular surface. This is concave 
across its narrow diameter, and convex along its long diameter. 

The epitheca is thick, not very rugose, and has shallow concentric 
markings. It extends up to the edge of the calicular surface. 

Towards the foot of the corallum the mural coste are partially 
exposed, and are numerous, delicate, straight, and have thickly set 
delicate cuneiform synapticule. 

The calicular surface has an irregular elongated flattened form, 
with a lateral lobular outline; and the calices are arranged in lines 
corresponding with the outer or longer boundary, and follow its 
lobular outline. There are three lines; but the middle one is very 
irregular. They are rather deep; and the septal cost passing over 
the ridges between the lines give them a subcristiform aspect, some- 
what as in Oroseris and Dimorphastrea. 'The septa and the septal 
coste are regular, very delicate, and moniliform. There are three 
cycles of septa. 

Height of the corallum 10 lines. Longest diameter of the calicular 
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surface 1 inch 6 lines; shortest diameter of the calicular surface 5 
lines. 

In a second and very much worn example the upright lobes, 
instead of being ranged in a line, are placed in a triangle. The 
third is regularly turbinate, tall, has a very oblique calicular surface, 
and is wholly destitute of wall or epitheca. 

All these were taken from the lower reef at Crickley Hill. 


THAMNASTRHA FUNGIFORMIS, Kdw. & Haime, Brit. Foss. Cor. pt. ii. 
p. 141, pl. xxx. fig. 3 (1851). 


One specimen only has has come to my knowledge. It was ob- 
tained from the 7'rigonza-grit of Brown’s Hill, near Seven Springs. 
It agrees with great exactness with the figure and description 
given by the original describers. 


THAMNASTR#A METTENSIS, Edw. and Haime, Brit. Foss. Cor. pt. 1. 
p tAT pl xxx. fig..o (1651). 


Hitherto I have only met with this species in the lower reef at 
Crickley, and in the 7rigonia-grit at Ravensgate and Leckhampton 
Hill. 


THAMNASTR#A Dzrrancrana, Edw. and Haime, Pol. Terr. Paléoz. 
pool (isol). 
Astrea Defranciana, Mich. Zooph. p. 9, pl. ii. fig. 1 (1840). 
All the specimens I have met with (and they are not numerous) 
were obtained from the lower reef at Crickley Hill. 


THamnastR#A Terquemi, Edw. and Haime, Brit. Foss. Cor. pt. ii. 
p- 140, pl. xxx. fig. 2 (1851). 


Very few of the examples of this species have the regular tur- 
binate form of the specimen figured by the original describers, the 
greater number being extremely irregular and having a very rugged 
method of growth. 

They are commonly attached by a small surface of no definite 
form, from which they ascend and expand in joints rather than 
layers, which overlap on one side, but do not cover the previous 
growth on the other. The growth makes some of them very much 
like a pile of coins which have been pushed a good deal on one 
side. 

The calicular surface often presents the figure of a rude triangle 
or lozenge, though sometimes it is oblong or crescent-shaped. 

It isa common species in the lower reef at Crickley Hill; but the 
most rugose specimens have been obtained from the same zone near 
Cooper’s Hill, where it appears to be equally abundant. 


THamnasTRa#A Watrcort, Duncan, Supp. Brit. Foss. Cor. pt. iii. p. 19, 
pl. iv. figs. 5-10 (1872). 

At present this species has only appeared in the lower reef. 

Specimens from the neighbourhood of Cheltenham differ from the 

figures and description given by Prof. Duncan, only in haying the 
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corallum more thin and expanding and with a much more irregular 
outline. 

I am indebted to my friend the Rev. P. B. Brodie for a very 
characteristic example of this coral, which he took from the coralli- 
ferous deposits at the Horse-Pools Hill, near Gloucester. The coral- 
bank there exposed is the equivalent of the one at Crickley Hill. 


Genus Orosrris, Edw. and Haime. 


This genus was associated by its original describers with the 
genus Comoseris, to which it really bears but a faint resemblance. 
As at present understood, it is a close ally of Thamnastrea; and 
some of the species are not easily distinguished from it; for the 
arrangement of the calices in lines, which may have either a radial 
direction or a concentric one, is often varied by the calices being 
evenly distributed, as in Thamnastrea. 

The difference existing between those species in which the rows 
of calices assume a more or less radial course, and those in which 
they are disposed concentrically, is probably of more importance 
than at first sight appears. In those having the first arrangement, 
gemmation must have taken place more or less in connexion with 
the existing calices; but in the second a complete ring of septal 
costz had been produced, bounding the upper surface of the 
corallum, and from these the new calices were produced. 


OROSERIS OOLITICA, 0. Sp. 


The corallum is large, and very irregular inform. Itis depressed, 
with the upper surface more or less gibbous and the under parts 
very irregular. The outer margin is thin, and a little wavy. 

The basal wall is covered by a very strongly marked and wrinkled 
epitheca, which has deep concentric folds. 

The mural cost, when exposed by the abrasion of the epitheca, 
are numerous, delicate, and have many cuneiform synapticule. 

The calices are for the most part placed in distinct linear grooves, 
though on some parts of the corallum they are scattered much as in 
Thamnastrea. In direction, the grooves irregularly follow the 
lines of the outer margin of the corallum. The longest furrow 
contains eight calices; but more commonly four or five are observ- 
able in a series. The ridges between the calices are not very pro- 
minent, but are obtusely rounded; and the septal coste pass over 
them without any interruption or deflexion from their line. The 
furrows are about two lines wide. 

The calices are from one line to one line and a half apart in the 
furrows, and they vary somewhat in their depth. The septa and 
septal cost are rather crowded, irregular in thickness, and alter- 
nately more or less prominent; and this gives them the appearance 
of being alternately large and small; but where much rubbed down, 
they appear to be of nearly equal size. All have their margins 
distinctly but rudely tuberculated. 

The only specimens I have met with were associated with 
Belemnites, in the compact yellow stone, about twenty feet below 
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the Pisolite at Crickley Hill, very nearly at the bottom of the exposed 
section ; and they are the earliest oolitic corals I have met with, 
with the exception of Montliwaltia lens, which is found also in the 
Cephalopoda-bed. 


OROSERIS CONCENTRICA, 0. Sp. 


The corallum has a more or less turbinate form, and was attached 
by a small foot. The upper surface is either flat or more com- 
monly a little concave; and the outline is generally of a rounded 
quadrangular form, with a thin and rather wavy edge. The under 
surface, which is the common wall, has a thin and generally very 
rudimentafy epitheca, appearing as narrow concentric bands, but 
sometimes covering the walls in patches. The mural coste are 
numerous, straight, parallel, and delicate, with very regular but not 
crowded cuneiform synapticule, which are not opposite to each 
other on contiguous coste. 

In the centre of the depressed calicular surface the calices are 
scattered about as in Thamnastrea ; but they soon assume the linear 
arrangement peculiar to the genus, thefurrows following in a consider- 
able degree the outline of the corallum; but the subangular outline 
of the upper surface permits of their being often in straight lines 
without departing from their concentric disposition. In some in- 
stances the furrows run quite out at the edge of the corallum. The 
furrows are about two and a half lines wide ; and the ridges between 
them are rather prominent, but much rounded. 

The septa and septal coste are straight, not crowded, very 
uniform in thickness throughout and with each other; they are 
delicate, and have on their margins very regular but not very 
closely placed tubercles, which are rather longer in the direction 
of the length of the coste. 

The calices are small and rather deep, with a tolerably well- 
defined but small fossula. They are about two lines distant from 
each other. About twelve septa appear in each calice. 

The largest example I have yet seen has a calicular surface which 
is 24 inches across, and has a height of 14 inch. 

It has been found in the lower reef at Crickley Hill and at 
Cooper’s Hill, and is not rare. 


OnosERIs contoRTA, n. sp. (Pl. XVIII. fig. 17.) 


The corallum is attached by a small surface, from which it 
either expands laterally, forming an elongated and curved figure, 
with the upper or calicular surface more or less crescent-shaped, or 
it becomes a very ill-defined turbinate figure, with a disposition to 
the growth of bulbous processes from its outer margin, or it has a 
more or less quadrangular calicular surface. Generally, however, 
the upper surface is elongated, with or without a crescentic curve. 

There are numerous deep wrinkles in the epitheca, which is con- 
siderably developed. 

The mural costee are straight, and very equal in size. Compared 
with those of O. concentrica, they are more regular and a little 
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thicker. They have synapticule, which are so little developed that 
they have the appearance of little points, but they are very regular 
as to size and distance from each other. 

The rows of calices run for the most part in the direetion of the 
greatest length of the calicular surface. The greatest number I 
have seen in one series is five. They are deep, and have a small 
but deep fossula, which is without a trace of columella. The cycles 
are difficult to trace; but about sixteen septa enter into the forma- 
tion of a calice. 

The septa and septal costz are somewhat equal in size and pro- 
minence; they are strongly papillated ; and the latter, as is usual in 
the genus, have a subcristiform development between the rows of 
calices. They never anastomose. They are much less regular and 
delicate than in Oroseris concentrica, and their synapticule are 
very smooth and irregular. 

It is found in the lower reef at Crickley, and small examples are 
common ; and [ have seen one from the same horizon at Cooper’s 


Hill. 


OROSERIS INCRUSTANS, n. sp. (PI. XVIII. fig. 16.) 


The corallum is somewhat foliaceous and incrusting; and the 
upper surface, though corresponding with the surface of the object 
to which it is attached, nevertheless has a second or superimposed 
part of much smaller size than the one which it lies upon ; and this 
gives to the corallum a slight central elevation. The outer margin, 
which has a somewhat rounded or subangular form, is closely ad- 
pressed, at no point showing the least disposition towards a leaf- 
like or upward curl. 

The furrows are very numerous, short, and narrow, and the 
ridges between them of corresponding breadth. Not more than 
four calices appear in one furrow; and they are more frequently 
two or three together ; but it is worthy of remark that on no part 
of the corallum are they scattered singly as in Thamnastrea. In 
direction the furrows follow roughly the outline of the corallum, 
and they are about 14 line apart. 

The calices are 14 line apart; they are not deep nor very clearly 
defined. The septa and septal coste are short, rather thick, of 
equal size and prominence, rather closely placed, and have their 
margins furnished with closely set and round tubercles. There are 
twelve septa in each calice. 

The greatest diameter of the corallum is 3 inches. 

One specimen only has been obtained, from the oolite marl 
(middle reef) at Sheepscombe by Mr. Wm. Jenkins of Cheltenham. 
It is attached to a large specimen of another species of coral. 


OROSERIS GIBBOSA, Nl. SP. 

The corallum is much depressed and expanded, its under surface 
nearly flat, and its upper surface rising into rounded or elongated 
prominences or gibbosities, with corresponding deep hollows. 
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There is no epitheca; but the whole of the under part has 
flexuous and indistinct mural coste. 

No particular direction is observed by the lines of calices in this 
species. The longest furrows contain about seven or eight calices. 
They are shallow; but the ridges between them, though without 
much prominence, are much more angular than in the other species 
here described. They have a breadth of about two lines. 

The calices are near together in the furrows, only one line apart, 
and are superficial. About twelve septa constitute the calice. The 
septa and septal coste are thick, irregular, flexuous, sometimes 
quite crooked, often anastomosing, and not very closely placed. 
Their margins appear to have had irregular and rugged tubercles, 
which have been for the most part rubbed off. 

A single specimen has been taken from the lower Trigonia-grit 
at Leckhampton Hill, by Mr. Wm. Jenkins of Cheltenham. 

The foregoing five species of Oroseris may be easily distinguished 
from each other by the following very brief descriptions :— 

O. oolitica by its size and very deeply wrinkled epitheca, and by 
the very unequal degree of prominence of the septa. 

O. concentrica by its turbinate form, rudimentary epitheca, 
regular and delicate septal coste, and concentric arrangement of 
the lines of calices. 

O. incrustans by its incrusting habit, short lines of calices, and 
relatively stout but regular and closely placed septal coste. 

O. gibbosa by the irregular form of the corallum, absence of 
epitheca, and by its crooked, irregular, and stout septal coste. 

O. contorta by its distorted form, and by having the calices in 
rows rudely corresponding with the outer boundary of the ealicular 
surface. Jt most nearly resembles O. concentrica, but has fewer 
ealices, and longer as well as stouter septal costa. 


Genus Microsotena, Lamx. 


Since the establishment of this genus by Lamouroux, in 1821, it 
has received at the hands of MM. Edwards and Haime such revyi- 
sion as was necessary to fit it for the reception of the group of 
perforate corals placed in it by them, the original describer not 
having fully understood its true structure and affinities. 

Michelin, in his work on the fossil corals of France, while ad- 
mitting the species on which Lamouroux had founded the genus, did 
not adopt the genus, but placed the type species in the genus 
Alveopora ; and M‘Coy, following Michelin, so far as the species is 
concerned, made use of the genus Siderastrea. 

More recently Milaschewitsch has added much to our knowledge 
of the species of Microsolena, by pointing out the near relationship 
of the genus to Thamnastrwa; and removing the latter wholly from 
the Fungide, he has placed it among the Poritide and in close 
proximity to Microsolena. 
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Mricrosotena porosa, Lamx. Exp. Meéth. p. 65, pl. 64. fies OA, 
25, 26. 


As yet I have met with only one instance of the occurrence of 
this coral in the Inferior Oolite. It was taken, by Mr. W. Jenkins 
of Cheltenham, from the lower reef at Crickley Hill. 

Compared with the figure given by M. Lamouroux, it is less regu- 
larly turbinate, being more depressed and having the upper surface 
more convex. But in the number and distribution of the calices, 
and in the thinness and delicacy of the septa, it corresponds with 
great accuracy, with the figure referred to. From the great thin- 
ness of the septa and their distance apart, the interseptal loculi 
have a breadth fully twice that of the septa themselves. 


MicrosoLena RAGULARIS, Edw. and Haime, Brit. Foss. Cor. pt. ii. 
p. 122. 
Alveopora microsolena, Mich. Icon. Zooph. p. 227, pl. ly. fig. 1. 


It is with great doubt, on account of its stouter and more crooked 
septa, that I refer this species to the MV. regularis of Edwards and 
Haime. It corresponds much more closely with Michelin’s figure 
than with that given by Edwards and Haime; but when the septa 
are worn down they appear to be even broader than in his figure, 
and the interseptal loculi are reduced to the breadth of a mere line. 

The figures given respectively by Lamouroux and Michelin of 
M. porosa and <Alveopora microsolena are clearly those of two 
distinct species, though Edwards and Haime give the latter as a 
synonym of the former. It is doubtful whether /. regularis is 
not distinct from both. That the present species is identical with 
the one which furnished Michelin’s figure, I have not, however, any 
doubt. 

Hitherto I have only met with it from the TVrigonia-grit at 
Ravensgate Hill, where it is not uncommon. 


MIcrRosoLEnA, sp. 


Several fragments of a species quite distinct from the preceding, 
and probably Hiatal all other oolitic species, have occurred at Crick= 
ley. They are characterized by their extremely rugged and crowded 
septa, and by the obscurity of their calices. 


Genus DimorpHARmA, de From. 
DuoorrHar#a Lycerri, Dune. sp. 


Cyclolites Lycetti, Dunc. Supp. Brit. Foss. Cor. pt. iii. p. 28. pl. iii. 
figs. 7-9 (1872). 


a aasirws dubia, Tomes, Geol. Mag. vol. v. 1878 (not te 


Fromentel). 

The examination of a specimen of Dimorphastrea from the 
Corallian of Nattheim, which I at first supposed to be the D. dubia 
of de Fromentel, but afterwards found to be D. helianthus, Becker, 
has satisfied me that I was in error in referring the Crickley 
species to it. The presence of a well-developed epitheca in the 
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latter would alone be sufficient to distinguish it from the Nattheim 
species. But it was not until, by the kindness of Dr. Holl, I had 
examined the type specimen of the Cyclolites Lycetti of Prof. Dun- 
can, that I discovered that the Crickley coral I had referred 
to D. dubia was specifically identical with it. On removing 
some of the soft stony matter from the calicular surface of the 
figured specimen of Oyclolites Lycetti, a central large calice sur- 
rounded by a circle of smaller ones was revealed, and the true genus 
determined. 

Prof. Duncan’s specific name must, of course, on account of its 


' priority, be retained. 


The genus Dimorpharca of M. de Fromentel has been created for 
such massive Microsolene as have a central large calice surrounded 
by smaller ones arranged more or less in circles. To it must be 
referred, as has been shown by Becker and Milaschewitsch, the 
Dimorphoseris of Duncan. The D. oolitica of that paleeontologist, 
with the species I here introduce, make up five species of this genus, 
which is now for the first time made known as English. 


DiMoRPHARMA PEDUNCULATA, Nl. Sp. 


’ The corallum is small, attached, fungiform, and supported on a 
narrow peduncle. 

The peduncle is small at its attachment, but gradually expands 
upwards. The under surface of the fungiform part of the corallum 
is more or less concave ; and both it and the peduncle are furnished 
with a thick and wrinkled epitheca which has concentric folds. 

The upper surface is convex, in one specimen dome-shaped ; and 
the outer margin is rather thin and overhanging. 

The central or principal calice is large, round, and has exsert 
septa and a small and shallow but clearly defined and round 
fossula. 

There are as many as two circles of calices around the principal 
ones, which are rather irregularly placed ; and in the inner circle 
are one or two more developed than the others, and which make 
some approach to the size of the primary one. They are not at all 
closely placed in the circle; the spaces between them are 
nearly as great as the space between the circles. 

The septa are very uniform in thickness throughout their length, 
and straight. There are three complete cycles and part of a 
fourth. Twelve principal septa, which are of uniform size, pass 
quite into the centre of the fossula, but do not unite with each 
other. The tertiary ones are fully three fourths the length of 
those of the primary and secondary cycles, and those of the fourth 
are only a little shorter. Some of those of the fourth run into 
those of the third cycle; but the twelve principal septa, which are 
visibly stouter than the others, maintain their independence through- 
out. All of them are distinctly moniliform. 

Height of the corallum 8 lines, of which the sage takes 
one half, 
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Diameter of the corallum from 11 to 15 lines, of which the central 
large calice takes 3 lines. 

One specimen was taken by me from the lower reef at the 
Horse Pools, Brookthorpe, near Gloucester, a few months since; and 
another was given to me by Dr. Wright, with other Inferior-Oolite 
corals from near Cheltenham as long ago as 1859. I have met 
with no others. 


DimorrHAaRzxA FRoMENTELI, T'omes. 


Thamnastrea Fromenteli, Tomes, Geol. Mag. vol. v. 1878. 

I have found it necessary to remove this species from the genus 
to which I assigned it, and to place it with other species in the 
genus Dimorpharea. <A species of Z'hamnastrewa from the Lias had 
already been named after M. de Fromentel, by MM. Terquem and 
Piette ; but the alteration made above in the generic name renders a 
change of specific name unnecessary. 


DimorPHARA, sp. 


A single specimen has been taken by myself from the lower reef 
at Crickley, which obviously differs from all the others here given. 
It is too ill preserved to admit of a detailed description, but may be 
briefly characterized as turbinate, higher than wide, with rather 
coarse rugged septa, and calices irregular both as to form and 
arrangement, 


Genus PHYLLOSERIS, n. g 


The corallum consists of one or more upright foliaceous plates or 
fronds, which have a very irregular form, and are thin at their 
margin. One of their flat and upright surfaces is furnished with 
calices, which are arranged in transverse lines or bands running 
from side to side, a good deal as in the genus Agaricia. The spaces 
dividing these lines of calices from each other are covered by a 
membranous and wrinkled epitheca, which extends upwards quite 
to the margins of the calices. Generally the frond towards the 
bottom is wholly covered by epitheca. 

The other surface of the frond is wholly covered by a transversely 
wrinkled epitheca without any trace of calices. 

When the epitheca of the last-named surface is removed, long 
and delicate coste are exposed, extending from the bottom to the 
top of the frond, and having a somewhat radiate arrangement. 

The increase in the size of the fronds takes place by means of 
gemmation from their margins; but the increase in their number 
occurs quite differently. 

They are produced by gemmation, which arises at variable 
heights on their calicular surfaces, generally about the point where 
the epitheca ceases to be uniform, and the rows of calices begin. 
The new frond is speedily covered outwardly by a wrinkled epi- 
theca, its upper and outer part being calicular ; and as it increases 
in size by gemmation it adapts itself closely to the parent frond, 
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and in time the young frond wholly covers the latter; and in that 
condition both the outer surfaces are wholly covered by a thick 
wrinkled epitheca, in which state calices are visible only at the 
edges of the fronds. But most commonly the new frond, long 
before it attains to the size of the original one, bears frond upon 
frond, like leaves, on its outer surface, and in this way a confused 
leafy mass is formed. 

The calices themseives are much like those of Thamnastrea. 
Their septal coste are continuous with those of other calices; and 
there is no columella. 

The genus to which the present bears the greatest resemblance is 
Protoseris ; but it differs wholly from this in the way which the 
fronds are produced, and in the presence of a strongly developed 
epitheca. 


PHYLLOSERIS RUGOSA, n. sp. (PI. XVIII. figs. 8-10). 


A well-developed corallum consists of a flattened upright mass 
consisting of numerous vertical leaflets which may be classed as 
primary, secondary, tertiary, kc. They spring at different heights 
from the calicular surface of the primary frond, and afterwards 
successively in like manner from each other. 

The primary frond, before the growth of the leaflets takes place, 
has the whole of the back surface divided into finger-like ridges, 
which have an upward and radiate arrangement, and are covered 
by a common epitheca wrinkled transversely. The front orcalicular 
surface has its lower parts similarly enclosed by epitheca, which, 


' gradually advancing upwards, forms narrow but prominent trans- 


verse bands between the rows of calices. 

Gemmation takes place in these rows of calices; and new fronds 
are thus produced. 

The epitheca continues its upward growth, and extends onto the 
young fronds; and finally all the calices are wholly obscured except 
those near the upper margins of the fronds. 

The young fronds cling closely to the one from which they spring, 
completely smothering the calices; and they are in their turn grown 
over by a yet younger frond. 

Two fronds of equal height face to face have some resemblance 
to the hands with the palms together, the backs of the hands and 
fingers not unaptly representing the mural surface of the fronds, and 
the paims the inside or hidden calicular surface. 

The calices near the top of the fronds are quite different in shape 
from those lower down. ‘They are often quadrangular or lozenge- 
shaped, and are distributed much as in Thamnastrea; but lower 
down they are divided into transverse lines by narrow bands of 
epitheca, and are round and have their outer margin so much pro- 
duced that they become horizontal. 

The septa are rather exsert; they are of nearly equal thickness, 
and, when numerous, have their margins very regularly geniculated. 

There are three complete cycles and part of a fourth. Those of 
the first run into the centre and form a small columella, which is 
only visible in the worn calices. Those of the second are a little 
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shorter than the first ; the tertiary ones are still shorter; and the 
septa of the rudimentary cycle are very short. 

The septal coste sometimes anastomose, and meet those of other 
calices at an angle. 

The synapticulz are small and numerous. 

Diameter of the calices about 1 line. 

The species occurs and is not uncommon in the lower reef at 
Crickley Hill, and the Horse Pools near Gloucester; but any thing 
like complete specimens are exceedingly difficult to procure, most of 
them being broken, or too thin to extract from the matrix. 


PHYLLOSERIS, sp. 


A small portion of the root of a species which only differs from 
P. rugosa in haying much smaller calices, which are in rows having 
a vertical rather than a horizontal direction, has been met with at 
Crickley Hill, The septa are also much more moniliform, and 
probably porous from the effect of more numerous perforations. It 
is obviously quite distinct from the last. 


Genus Comoseris, d’Orb. 
CoMOSERIS VERMICULARIS. 


Mr. W. Jenkins, of Cheltenham, has forwarded to me a specimen 
of this species which he obtained from the lower reef at Crickley, 
which agrees with the specimens figured by MM. Edwards and 
Haime, except that the ridges are straighter and less numerous 
than they are represented to be in the figures given by those cele- 
brated zoophytologists. There is a specimen also in Dr. Wright’s 
collection. 


CHORISASTREHA OBTUSA. 


Since the foregoing was written I have examined a large number 
of corals from the Great Oolite near Cirencester, amongst which were 
some specimens of Z'hecosmilia obtusa; and I find that these agree 
closely with some others from the Zrigonia-grit at Birdlip and 
Leckhampton Hill. Probably the specimens which I made use of 
for comparison were a part of the same collection which furnished 
Prof. Duncan with the specimen from which his figure was taken*. 

The occurrence of this species in the upper coralliferous bed of the 
Inferior Oolite, as well as in the Great Oolite, furnishes additional 
evidence of what Dr. Wright has advanced respecting their near 
paleontological relationship. 

It appears to be to corals of this group that Quenstedt has 
applied the generic name Cenotheca. Their mode of increase, how- 
ever, which is wholly by gemmation, does not differ from that of the 
allied or perhaps identical Chorisastrea gregaria, and both must be 
referred to the same genus. 

In conclusion I wish particularly to acknowledge the great 
assistance I have met with at the hands of friends when preparing 
the present paper. To Mr. T. J. Slatter, the companion of my visits 
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to the famed sections of the Inferior Oolite near Cheltenham, and to 
Mr. W. C. Lucy, who has favoured me with some beautiful specimens 
from the Horse Pools near his residence, I am especially indebted, 
as also to Dr. Wright for the opportunity of inspecting the species 
which had received their names from the great zoophytologists MM. 
Edwards and Haime, and to Dr. Holl for his kindness in affording 
me the opportunity of examining specimens which had been described 
and figured by Prof. Duncan. Without such assistance this paper 
would have been much less complete. 


EXPLANATION OF PLATE XVIII. 


Fig. 1. Chorisastrea gregaria, the peduncle of a specimen before gemmation 
has taken place, natural size. . 

, a specimen a little further advanced in growth, and showing 

the elongated septa (coste ?) and the intervening loops. 

, an example in which gemmation has taken place in the 
elongated septa (coste?), the parent calice not having been interfered 
with. 

4. Cyathophyllia oolitica, natural size. 

5, 6. Phyllogyra sinuosa, the corallum of a small example, natural size. 

, a portion of the calicular surface, magnified, showing the 
manner in which gemmation takes place. 

8. Phylloseris rugosa, a portion of a frond, showing the lines and. bands of 
calices separated by wavy ridges of epitheca, and showing a young 
frond with gemmation taking place along its upper edge. arising 
from it. 


2. 


9. , a specimen showing the outer or epithecal surface, which has 
been completely covered by the epitheca and all trace of the calices 
obliterated. 

10. , a few calices magnified. 


11. Confusastrea tenuistriata, natural size. 

12. Thecoseris polymorpha, natural size. 

, some of the septa, showing the manner in which they 
anastomose. 

14. Thamnastrea Wrighti, a few calices, magnified. 

15. Latimeandra Haimei, some calices, magnified. 

16. Oroseris incrustans, a portion of a corallum which is attached to a 
species of Latimeandra, natural size. 

contorta, the corallum, natural size. 

18. Goniocora concinna, a portion of a corallum, natural size. 

-——, the calice, magnified. 


Discussion. 


Dr. Duncan objected to the use of the term “reef,” as the corals 
described from the Inferior Oolite grew on banks, and not on 
fringing or other reefs. He was satisfied that Thecosmilia gregaria 
and its varieties were found in the lowest and upper banks; and he 
did not concur with the author in placing this well-defined form 
under another genus. Reuss had shown the variability of the 
genus; and he himself noticed a specimen amongst those brought 
by Mr. Tomes in which there was budding high up, and a ten- . 
dency to fissiparity. He objected to the statement that Awosmilia, 
Montlivaltia Holla, and Donacosmilia were identical, as the first had a 
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solid axial columella, and Montlivaltia had not. He was perfectly well 
aware of the difference between calicular gemmation and periodical 
increase of growth; and he maintained his statement, made in the 
Palzontographical Society’s work, that Montlivaltia Holli increased 
by calicular gemmation. He did not consider the specimens 
marked Confusastrea, the Adelastrwa of Reuss, to belong to that 
genus. After expressing his opinion about the great variability of 
corals, as proved during the late deep-sea researches, he condemned 
the practice of species-making unless there were very wide structural 
distinctions present. He stated that it was wrong to place Tham- 
nastrea amongst the Perforata; for it only had perforate septa, a 
feature often seen in aporose corals. Its true position was amongst 
the Fungide. 

The AurHor, in reply, maintained his views as to the identity of 
the Avosmilia Wrighti and the Montlivaltia Holli with the genus 
Donacosmilia. He insisted, on the grounds pointed out by Milasche- 
witsch on the truly perforate character of Thamnastrea, and insisted 
that the so-called Thecosmilia gregaria always increased by basal 
gemmation, and never by fissiparity. 
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E. WILSON ON THE RHZTICS OF NOTTINGHAMSHIRE. A451 


43. The Ruarics of NorrincHamsuire. By E. Witson, Esq., F.G.S. 
(Read June 21, 1882.) 


At the Meeting of the British Association at York in 1881 I gave 
a summarized account of the Rhetic rocks of Nottinghamshire. In 
the present communication I propose to give a more detailed descrip- 
tion of the same. 

Rheetic rocks were first noticed in this district about fifteen years 
ago near Gainsborough, in Lincolnshire, by Mr. F. M. Burton, and 
were subsequently observed at Newark by the Rev. A. Irving and 
by Mr. Horace Woodward, and at Elton Station, on the Nottingham 
and Grantham line, by Mr. R. Etheridge. All these sections, how- 
ever, were more or less incomplete, either above or below. 

During the last five or six years several new and some complete 
- sections of the Rhetic beds have been exposed on the eastern and 
southern borders of Notts, chiefly by new railway-works. Unfortu- 
nately these sections are now all covered up and grass-grown. See- 
ing, however, that they disclosed several interesting facts and some 
new features concerning this series, a brief record of them appears 
desirable. ) 

The Rheetic formation in this country is usually subdivided into 
three groups of rocks, viz.:—(1) Lower Rhetic, grey or green in- 
durated marls, the ‘“ Tea-green marls ” of Etheridge; (2) Avicula- 
contorta series, black fissile shales with subordinate bands of sand- 
stone and limestone, with or without one or more “ bone-beds;” and 
(3) Upper Rhetic or White Lnas, a variable series of shales and 
light-coloured limestones. This tripartite subdivision has generally 
been considered to hold good for Nottinghamshire. In that county 
we get at the top a series of pretty thickly laminated grey marls 
with bands or layers of blue-centred septariiform nodules of lime- 
stone containing Hstherie ; below these come the characteristic thinly 
laminated black shales of the Avicula-contorta series; and beneath 
these we find a series of indurated unfossiliferous light-blue marls 
that weather a yellowish-green or buff colour, and break up into 
cuboidal fragments. For reasons presently to be given, I would take 
these lowest green marls from the Rhetics and relegate them to the 
Keuper formation (see figure, p. 452). 

I now proceed to describe the chief Rheetic sections which are or 
have at different times been exposed in this district. 

Gainsborough.—In the cuttings of the Great Northern Railway 
at Lea, near Gainsboro’, the Avicula-contorta beds, represented by at 
least 25 feet of fossiliferous black fissile shales with several bands 
of micaceous sandstone and one or two bone-beds, may be seen rest- 
ing ‘‘ with conformable stratification” on ‘an eroded surface” of 
vlue marl of the Upper Keuper series. The upper portion of the 
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cutting is occupied by glacial drift, which appears to cut out the q 
higher beds of the Rheetics at this point. The Gainsborough section is _ 


remarkable for the exceptional development of the Avicula-contorta 


Tthetics of Notts. Generalized Section. 


Shales and limestones. 


Estheria minuta. 


Shales and limestone 


nodules. 
18 ft. 


UPPER RHATIC SERIES. LOWER LIAS. 


Shales, with bands of 

limestone, and sand- 

stone, and bone-beds. 
15 ft. 


SERIES, 
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AVICULA-CONTORTA 


“Tea-oreen Marls.” 
15 ft. to 20 ft. 


Red and Green J\ arls. 


KEUPER RED and GREEN MARLS. 


beds, and for the numerous and thick bands of sandstone they con- 
tain. Mr. Burton, who has accurately described this highly inter- 
esting section in the pages of the Society’s Journal*, then thought 
that the Rhetics (which had not at that time been discovered in 
Notts, Leicestershire, or Yorkshire) were limited to an area 3 or 4 


* Quart. Journ. Geol, Soc. 1867, vol. xxiii. p. 315. 
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miles long by + to 2 miles wide. The idea of such a localized ex- 
tension along the strike is certainly erroneous and has since been 
abandoned. The southerly continuation of these beds in Lincoln- 
shire is, indeed, indicated by the low escarpment which lies not far 
from the eastern bank of the Trent. 

Newark.—Rheetics are exposed in the gypsum quarries on Beacon 
Hill, Newark, Notts. This section also is incomplete above. About 
10 feet of ‘ Paper-shales” (with casts of Cassianella contorta and 
Awinus elongatus), without any sandstones or bone-bed, are seen to 
rest with a sharp line of demarcation on light green marls 14 or 15 
feet in thickness (the Lower Rheetics of some authors). These green 
marls appear to graduate down into the underlying red gypsiferous 
marls of the Upper Keuper series. Mr. Woodward, on having an old 
lime-pit in the Lias deepened, found the uppermost zone of the Rheetic 
series (White Lias) 2 situ. 

The cuttings of the new Gréat Northern line between Newark and 
Bottesford, which for some distance roughly followed the Rheetic out- 
crop, exposed several good sections in these rocks. 

Cotham and Kilvington.—At-Cotham, 4 miles south of Newark, 
a complete section of the Rhetic rocks of the district was exposed. 
At the south end of the cutting the green marls of the Upper Keuper 
appeared, succeeded, going north, by Avicula-contorta shales (15 feet), 
with no sandstones or bone-bed and hardly the trace of a fossil of 
any kind, and these by Upper Rhetic marls (18 or 19 feet). At 
the road-crossing near the station, the northerly dip brought in Lower 
Lias, represented by 20 feet or so of limestones and shales, contain- 
ing, amongst other fossils, Ammomtes planorbis, Modiola minima, 
Ostrea liassica, Plewromya costata, and Lima gigantea. About a mile 
further south Upper Rheetic marls were again seen capped by a few 
feet of Lias. In the next cutting further south (near Staunton 
Grange) the Rhetics were shut out by a fault which brought up 
Upper Keuper red marls on the south against Liassic strata on the 
north ; but still further south, in the Kilvington cutting, Paper-shales 
reappeared just north of the road-crossing, succeeded by Upper 
Rhetic marls (17 or 18 feet) and capped by Lower Lias. In a lime- 
stone nodule from the top of the Upper Rheetic marls, I here found 
Estheria minuta in vast numbers. ‘ Orston Spa,” near by, is a fer- 
ruginous spring that is in all probability thrown out by a pyritic 
sandstone or bone-bed in the Paper-shales. At Elton station Upper 
Rhetic marls may be seen, succeeded by Lower Lias strata; and in 
the grass-grown cutting west of the station the Rhetic Paper-shales, 
with a bone-bed at the base, lie concealed. 

Barnston.—At Barnston, 4 miles south of Elton, a capital section 
in the Rhetics was opened out during the construction of the new 
line from Bingham to Stathern. Here the Upper Keuper red gyp- 
siferous marls, with the usual ‘“‘ Tea-green marls” above, were over- 
lain, with the usual sharp line of division, by the Avicula-contorta 
shales (14 or 15 feet), containing a few thin bands of sandstone and 
a hard pyritic bone-bed, 1’ 6” from the base, replete with the usual 
fish- and reptilian remains—amongst others Ceratodus altus. The 
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Avicula-contorta shales pass up into the Upper Rheetic marls (18 feet) 
and these are conformably overlain by a few beds of the Lower Lias 
containing the usual fossils of the zone of Ammonites planorbis. 
The description of the fossils of the shales and bone-bed of the 
Avicula-contorta series at Stanton, presently to be given, will equally 
well apply to Barnston, and so need not be repeated here. Between 
Barnston, Elton, and Orston, the Lias-capped Rheetics form a low 


but very clearly defined escarpment facing west, with a very palpable . 


dip-slope towards the vale of Belvoir. At the boring for coal now 
in progress at Owthorpe near Colston Bassett, beneath 33 feet of 
blue shale of uncertain geological age, 14 feet of Paper-shales and 
then 19 feet of “‘Tea-green marls” were penetrated. 

Stanton on the Wolds.—During the construction of the new Mid- 
land line from Nottingham to London, I noticed the Rheeties in the 
cutting at the north end of the tunnel at Stanton on the Wolds, be- 
tween Nottingham and Melton Mowbray. The following section 
was exposed at that point :— 


Section at Stanton on the Wolds. 
ft. in 
5 te } Boulder-clay with local intercalations of drift-sand, 50 ft.to 60 0 
(Shales dark-coloured, thickly laminated, with a few thin 
seams of sandstone and a band of nodular limestone 
1 ft. 9in. from base: Cassianella contorta, Axinus elonga- 
tus, Protocardium Philippianum .......0..cceccccecncvosuctans 6 0 
|, Beyratie pamcabOnies: .3c.0.s6 25 -ceendace cree geet a he ote din.to O 2 
Shales darker and more thinly laminated than the over- 
lying, with occasional streaks of fine white sand: C. con- 


torta, A. elongatus, P. Philippianwim ......1..sccccesecneenee I. 
| Pyritic limestone, with A. elongatus, Modiola minima, 
| -fieh-scalés, gun-crachs) ...c5i,,oacsi<.kuybec. ten ae 4 in. to O 2 
Avicula- | Shales black, fissile, with thin streaks of fine grey sand, 
contorta 4 sulgns sAbaielleankigniis teaee a eg emis a ich ioe one 9in.to 0 10 
shales } Bone-bed, or coprolite-seam, soft white sand and quartz- 
(Rheetic). | pebbles: spines of Nemacanthus jilifer, and Hybodus, 
| sp.; teeth and scales of Saurichthys acuminatus, Hy- 
bodus minor, H. reticulatus, Hybodus sp., Acrodus mini- 
mus, Sargodon tomicus, Ceratodus altus, Gyrolepis tenui- 
striata, and various cestraciont palatal teeth; teeth 
and coprolites of Ichthyosaurus platyodon, Ichthyosaurus: 
sp., and other reptilian and piscine teeth, vertebre, 
bones, and coprolites... ics cps cor! scebuleaske ohare | peace Da tah 
Shales black, fissile, and earthy layers alternating ......... 1 4 
| Coprolite-seam, earthy; coprolites at wide intervals ...... Ot 
| Shales black, laminated, with occasional reptilian bones... 1 3 
Tea- | 
eae \ Light-blue marls weathering yellowish-green and breaking 
up into cuboidal fragments ; base not seen ............... 20 0 
(Upper | 
Keuper). / 


The Upper Rhetic marls were not seen 2m situ; but limestone nodules with 
Estherie@ were found in the overlying drift. 


Comparison of this and the other Notts Rheetic sections with the 
Gainsboro’ section leads me to conclude that the 15 feet or so of 
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Avicula-contorta shaies in Notts comes on the same horizon as the 
middle portion of that series at Gainsboro’. I take that remarkable 
pyritic bone-bed which is identical in character and appearance at 
Gainsboro’ and Barnston as fixing an approximately definite horizon 
in the Rheetic series. From this bone-bed upwards, if we allow 
evanescent seams of sand to thicken out into thickish beds of sand- 
stone, the Stanton section roughly corresponds with the Gainsboro’ 
section. ‘Too much importance must not, however, be ascribed to 
“‘ bone-beds ” for the correlation of distant sections. In this in- 
stance the close similarity of these bone-beds is due to such a very 
variable process as the infiltration of mineral matter (bisulphide of 
iron). It must also be remembered that a bone-bed may be in- 
tensely hard and pyritic a few feet below the surface of the ground, 
and yet quite soft and friable at the outcrop, owing to atmospheric 
decomposition of the cementing iron-pyrites. This is, in fact, the 
case at Barnston, and is, no doubt, so elsewhere. Nor is it to be 
supposed that bone-beds in distant sections at about the same hori- 
zon are rigidly homotaxial ; for since these beds were in all proba- 
bility the resulting deposits of migratory shoals, and not of a uni- 
versal swarm of fishes, a certain amount of time must be allowed 
for their transit from one place to another. 

Now, as I have already said, I cannot admit. that the green marls, 
which in this and the adjoining districts come below the Avicula- 
contorta shales, belong to the Rhetic series. For, whilst there is 
always a sharp stratigraphical line of division, with in some cases 
evidence of erosion, between the green marls and the Paper-shales, 
there is on the other hand every appearance of a gradation between 
the green marls and the underlying red and green marls of the 
Upper Keuper formation. Again, whilst there does not appear to 
be any essential difference in textural character between these green 
marls which come at the top of the Upper Keuper and those lower 
down in that series, there is a very decided textural distinction be- 
tween the green marls and the overlying Rhetic shales. These 
green marls are, like the rest of the Keuper rocks, practically unfos- 
siliferous ; whereas with the very commencement of the A.-contorta 
beds we get evidence of the incoming of a decidedly marine fauna, 
including not only forms of life that characterize the Rheetic forma- 
tion of Europe, but also speczes of mollusca and reptilia which range 
into the overlying Liassic strata. or these reasons, then, I am of 
opinion that in Notts and the adjacent counties, at any rate, the line 
between the Rhetics and the Trias should be taken at the base, not 
of the green marls, but of the Avicula-contorta beds. 

_ The Rhetic rocks, as a whole, no doubt, form a stratigraphical as 
well as a paleontological passage-series between the Keuper and the 
Lias. This passage is apparent at some places in the West of Eng- 
land, e.g. in the splendid coast-sections at Watchet in the estuary 
of the Severn. There no hard and fast line can be drawn between 
the Upper Keuper beds and the Lower Rhetics: green and red 
marls may be seen alternating with black shales; and all are un- 
questionably as much Rhetic as Keuper. Beneath these “ passage- 
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beds” are found in a general way 20 feet or so of green marls and 
calcareous marlstones (with or without red mottlings) which, under 
the term “‘Tea-green Marls,” Mr. R. Etheridge, F.R.S., has pro- 
posed to class with the Rheetics*; and in this classification he has, 
as a justly high authority on all that pertains to these beds, been 
followed, though by no means universally, by other geologists}. The 
late Mr. Charles Moore, another high authority on Rheetie geology, 
also appears to have been of this opimion. For reasons identical — 
with those stated above, I am inclined to agree with Dr. Thomas 
Wright, F.R.S., and others, who consider that these “* Tea-green 
Marls ” properly belong to the Keuper formationt. However this 
may be, it will not materially affect the question of the age of the 
similar beds in Notts; for it would be impossible to prove that the 
* Tea-green Marls” of the West of England were homotaxial with 
the green-coloured marls that occupy the same relative position be- 
neath the Avicula-contorta shales in that county. Probably in both 
districts these green marls were once red in colour and non-calea- 
reous, and have since become bleached and calcareous in part by the 
downward infiltration into them of some deoxidizing chemical agent 
and carbonate of lime, derived from the decomposition of the 
abundant organic remains of the overlying A.-contorta shales. The 
very general occurrence of 20 feet or so of ‘‘ greenish marls ” at the 
top of the Keuper-marls in this country, is a coincidental result of 
discoloration§. Neither the textural characters, the stratigraphical 
relations, nor the organic remains of these beds, justify us in sepa- 
rating them from the rest of the Keuper formation and classing them 
as Rheetic. 


Discussion. 


tey. A. Irvine said that the division of Mr. Wilson was the same 
as that adopted by the German geologists. He also knew the district 
well, and could confirm Mr. Wilson’s statement as to the erosion at 
the base of the Avicula-contorta zone, and agreed with the propriety 
of adopting this line of division. 


* Proc. Cotteswolds Naturalists’ Field Club, 1864. Trans. Cardiff Nat. Soc. 
vol. iii. pt. 2, 1872. 

+ “Rheetics of Leicester,” by W. J. Harrison, F.G.S., Quart. Journ. Geol. 
Soc. 1876. Sketch of the Geology of Lincolnshire, by W. J. Harrison, F.G.S., 
1882. Geology of England and Wales, by H. B. Woodward, F.G.S., 1876. 

¢ Monograph of Lias Ammonites, by Dr. Thomas Wright, F.R.S8., Pal. Soc. 
Memoirs, 1880, Ke. 

§ The thickness of the Green Marls, both in the Midland counties and in the 
West of England, varies appreciably at different places not far distant (10 to 
30, or ?80 feet at Camel Hill). The occasional’ presence of red blotches in 
these green beds indicates that they were once red beds that have been stained 
green, not green beds that have been stained red. 
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44, On THEcosponpyLus Horner, a new Drxosavr from the Hastines 
Sawn, indicated by the Sacrum and the Nevrat Cana of the 
Sacrat Reeron. By Prof. H. G. Sunrzy, F.RS., F.G.8. &c. 
(Read June 21, 1882.) 


[Puate XIX.] 


Dr. A. C. Horner, of Tonbridge, has obtained from the quarry at 
Southborough in the Hastings Sand, and intrusted to me, what I 
believe to be a unique specimen, so far as this country is concerned, 
exhibiting a mould of the entire neural cavity of the sacral region 
of a Dinosaur. But the specimen is nevertheless peculiarly tan- 
talizmg, since the quarryman states that it is the only specimen 
of any kind that he has ever found in the quarry, and enough 
remains of bony tissue upon the cast to render it certain that the 
external mould of the sacrum, if not the bony tissue itself, might 
have been preserved. It is imperfect both anteriorly and posteriorly, 
but measures exactly 60 centimetres in length. The vertebre 
which are complete are five in number; each is 11 centim. long; 
but there is a small fragment in front which appears to show that 
there was another vertebra anteriorly (fig. 2,1), while the iragment of 
the posterior vertebra (fig. 2, 7) admits of no question. We have thus 
a sacrum which certainly included six or seven vertebre, and may 
have comprised more. The bony tissue is preserved only upon the 
right side of three consecutive vertebre. It is a thin film closely 
adherent to the cast, showing a cancellous structure external to the 
thin interior layer (fig. 1, 6). This film is not more than from 1 to 
2 millim. in thickness, and therefore gives no clue to the form of 
the sacrum; though other evidence leads me to believe that the 
bone was extremely thin, and pertained to an animal closely allied . 
to Ornithopsis. 

The neural chamber of this sacrum, besides being remarkable for 
its great length, is singularly compressed from side to side (fig. 2), and 
expanded from below upward (fig. 1). It is at first sight no easy task 
to distinguish the back from the front. In Anoplosawrus curtonotus 
I figured the neural canal of a Dinosaur (Quart. Journ. Geol. Soc. 
vol. xxxy. pl. xxxiv.), which seemed to prove that the anterior third 
of the neural canal is the part which has the greatest transverse 
expansion. Subsequently Prof. Marsh (Am. Journ. Sci. vol. xxi. pl. 
6, 1881) figured a cast of the neural cavity of Stegosaurus, in which 
the sacral canal is about 26 centim. long, and. where highest, 76 
centim. high, and 4°35 centim. wide in front. 

Anoploscur us from the Cambridge Greensand had the sacral 
nerves of moderate size; but the casts of the foramina between the 
vertebrz, which are represented in Professor Marsh’s plate, are deep 
and narrow, and two of them extend the entire height of the neural 
cavity. Inregarding the larger portion of the sacrum as anterior, we 
follow what may be termed Dinosaurian precedents; and when we 
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observe on the sides of this specimen large vertical eminences(fig. 1, #), 
‘which resemble those figured by Prof. Marsh, we might be tempted 
to suppose that here too were intervertebral foramina, were it not that 
a large transverse process (figs. 1 & 2, ta) is preserved which exactly 
fits on to one of them. This transverse process is a cast in sandstone 
without a trace of bony tissue; but, from the sharpness of its contours, 
it assists in demonstrating the conclusion that the bony substance of 
this sacrum must have been of extreme thinness. The true interver- 
tebral foramina pierced through the middle of the vertebrae, and are 
small transversely oval apertures with sharp clean margins (fig. 1, v), 
such as could only have been left by a thin film of bone having been 
removed. ‘The junctions of the vertebre-appear to have been com- 
plete, so that no aperture existed in the sutural line of the vertebre. 
The width of the cast (fig. 2) below the first foramen is 1-7 centim., 
below the second it is 1-6 centim., below the third it is 2 centim., below 
the fourth it is 1-8 centim., below the fifth it is 1:2 centim., and was 
evidently less in the next succeeding vertebra. These foramina lie 
in a straight line (fig. 2)’; and the cast expands below them in depth as 
though it sunk into the bodies of the vertebre ; but this depression 
is very smallin amount, as is evidenced by the very gentle convexity 
in length of the base of the specimen; but superiorly the cast ex- 
pands in a remarkable way in a convex curve, which, however, is 
flattened over each neural arch (fig. 2). 

The anterior part of the first vertebra, of which the centrum is 
preserved, 1s broken away, so that its depth at the foramen cannot 
be given with certainty; it was probably about 4:5 centim. Over 
the second foramen (fig. 1, 3) the depth is 7°5 centim., over the third 
(fig. 1, 4) nearly 8°5 centim., over the fourth (fig. 1,5) 6-7 centim., over 
the fifth (fig. 1,6) 4 centim., while the next appears to be diminishing 
further. Thus this neural canal is distinguished from all forms 
hitherto known by its extraordinary lateral compression relatively 
to height in the middle region. 

The foramina appear to be situate at about the middle of the 
neural canal in front, below the middle in the next three vertebra, 
and above the middle in the last preserved. 

The first foramen does not differ greatly in length from the others ; 
it is under 2 centim. long, of ovate form, and 1 centim. deep. Its 
outlet is vertical above and oblique posteriorly. The second foramen 
is deeper, and opens obliquely posteriorly; the third foramen is 
narrower than the first, and pointed in front and behind. The fourth 
is large, and the fifth small and narrow. In every case except the 
last the neural canal is wider above the foramen than below it. 

The base of the specimen is rounded from side to side with a slight 
longitudinal median groove behind (fig. 2), and with an expansion or 
swelling in the region of the sutures between the vertebre. The 
rounding is most marked in the middle of each centrum ; and in front 
there is a slight approach to flattening. The nutritive foramina 
(fig. 2,7) are well seen in the first vertebra preserved; they are narrow, 
1 centim. long, 1 centim. apart, and 5 centim. from the anterior 
margin. In the next two vertebre they are much smaller and less 
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distinctly marked; in the fourththey are smaller still, but wider apart, 
and still preserve the same distance from the anterior border of the 
vertebra. In the sixth they become large again, are less than a 
centimetre apart, and a little more anterior in position. 

The sutural line between the vertebre shows that in the region 
of the centrum the outline was convex from above downward in 
front laterally, and concave from side to side at the base in front. 
The sutures between the vertebre are marked by sharp narrow 
grooves, which correspond to ridges on the interior of the bone. The 
suture appears to pass upward, so as to merge into the neuro-central 
suture, which is faint, but best marked in the last vertebra, where 
it passes below the lateral neural foramen. The antero-posterior 
limits of the neural arch correspond closely to the limits of the 
centrum. , 

The transverse processes are directed forward in front, outward 
in the middle, and backward behind (fig. 2). They are given off, 
as nearly as may be, in the line of the lateral intervertebral sutures, 
and just in front of the sutures on the base. There is no evidence 
of any separate bony base to these processes, separating them from 
the neural canal, though such partitions probably existed. The 
first of these processes on the right side is at the fracture 43 centim. 
deep, and widens from 1 centim. above to 24 centim. below. It is 
situate just in front of the intervertebral suture. 

The attachment of the second process is 4°8 centim. deep, with its 
base placed a little higher than the first. Its margin is concave in front; 
and the concavity appears to have excavated the process much as in 
the first process. The third process is fractured nearer to its base, 
and is less than 4 centim. deep and about 2 centim. wide. The 
fourth is smaller; the fifth, hardly more than 14 centim. deep and 
1 centim. wide, diverges conspicuously backward and outward. 

The first process on the right side expands outward and forward 
in a subconical way, so as to terminate in a large flattened facet 
for the ilium (fig. 1, ¢@), which is vertical in position, though inclined 
somewhat forward, and alittle convex from above downward. Itis 
11°5 centim. deep and 7°5 centim. wide where widest. The pos- 
terior border is convex, and the posterior side gives off a little 
rounded ridge where it joins the side of the cast of the neural region. 
In front the outline of its articular end is more angular, being 
compressed below and above. A blunt ridge runs on the inner 
side from the middle, and expands upward so as to form the supe- 
rior part of the transverse process at its base, in such a way as to 
give an aspect to the process of being excavated in front. 

The transverse processes would give a width to the sacrum in 
front of 20 centim., which was probably increased towards the 
middle. 

Behind the transverse processes. there is a moderate circular 
inflation of the cast, which is conspicuous in all the vertebre, so 
that in front of the neural foramen there is a somewhat convex 
rugose tubercle, as though bone were attached to it. 

I cannot speak with any certainty of the affinities of the remark- 
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able animal thus indicated; for if my inference from the condition 
of the transverse process is correct, it belongs to a very different 
type of animal from the Dinosaurs hitherto known, which have 
heavy vertebre in the sacral region. The only English genus 
(Ornithopsis) which has pneumatic vertebrae and dense bony tissue, 
must be assumed, from the allied American genera, to have had a 
sacrum of very different character. There is no proof that the ver- 
tebree of Thecospondylus were pneumatic; but the bones were 
formed on the lightest type that I have yet seen, and indicate, 
I believe, an ordinal or subordinal group, in which the skeleton was 
not pneumatic, but as dense and light as in the Ornithosauria, and 
supported on powerful hind limbs. 

With an enlightened liberality which deserves our thanks, Dr. 
Horner has commissioned me to deposit the specimen in the national 
collection at South Kensington, that it may be the better available 
for study. 


EXPLANATION OF PLATE XIX. 


Fig. 1. Right lateral aspect of cast of neural cavity of sacrum, showing :—the 
sequence of vertebre, numbered 1 to 7; the bases of the transverse 
processes (7) on the 3rd, 4th, 5th, and 6th vertebree, and the large 
expanded articular facet of the 2nd transverse process (¢a@) where it 
joined the ilium ; the apertures (v) for the passage of sacral nerves ; 
and (4) portions of thin dense bone adherent to the neural region of the 
vertebree numbered 4, 5, and 6. 

2. Inferior aspect of the same specimen, showing the rounded underside of 
the bodies of the vertebree, their attenuation posteriorly, the sutures 
(s) between the bodies of the vertebre, the positions (7) from which 
the processes are given off and their divergence backward in the 6th 
and forward in the 2nd; the positions of the vascular foramina are 
indicated by the letter x. 


Discussion. 


The Preswpent agreed with the author in regarding the specimen 
as indicating the existence of a new genus. 
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45. On the Retations of the Kocenz and Orieocrnn Srrara in the 
Hampsuire Bastn. By Prof. Joun W. Jupp, F.R.S., Sec. GS. 
(Read April 26, 1882.) 


I. Introduction. 


Since the publication of my paper “On the Oligocene Strata of 
the Hampshire Basin ” *, I have been favoured with many valuable 
suggestions and criticisms from geologists, both in this and other 
countries ; and the time has now perhaps arrived when some of the 
interesting questions thus raised may be discussed with advantage. 

The great object of my former memoir was to determine the 
age and relations of a series of marine beds which contain a highly 
interesting fauna—a fauna presenting the closest affinities with 
that of a well-defined system of strata very widely distributed in 
Central Hurope. 

In framing his classification of the Hampshire Tertiaries, the 
late Prof. Edward Forbes gave no place to this important series of 
beds—a fact which does not seem to have been sufficiently considered 
by those among my critics who have demurred to my proposed modifi- 
cation of Forbes’s classification as unnecessary and, therefore, un- 
warrantable. 

The history of the discovery of this interesting marine series does 
not appear to be generally known. The late Sir Charles Lyell spent 
his earliest years in the New Forest, residing at Bartley Lodge near 
Lyndhurst. At that time shelly marls appear to have been in great 
request among agriculturists, being employed by them as a manure 
on some of the poorer soils, like the similar materials of the French 
Fahluns and our own Crags. Now, in the hills lying on the north 
side of the town of Lyndhurst such marls were found to occur, 
and numerous pits were opened for their excavation. In his visits 
to these marl-pits Lyell found the beds to be crowded with beautiful 
and well-preserved marine shells, of which he made a considerable 
collection, sending examples of them to Webster and Sowerby. 

At that time all the marine bands which occur in the Hempstead, 
Bembridge, and Headon series were confounded with one another 
under the name of the “‘ Upper Marine Formation ;” and it is not 
surprising, therefore, that Webster at once claimed these marine 
marls of Lyndhurst as being of that aget. Sowerby, however, 
seems to have recognized the fact that the fauna of the Lyndhurst 
beds is a peculiar one; and he described and figured two of the most 
remarkable and distinctive of its fossils, namely Voluta geminata, 
and Cardita deltoidea t. 

The employment of these marls, or shelly clays, of the New 
Forest for agricultural purposes soon ceased, however; but the 
numerous abandoned workings and the names given to certain 

* Quart. Journ. Geol. Soc. vol. xxxvi. (1880) p. 137. 


+ Trans. Geol. Soc. 2nd ser. vol. 1. p. 94. 
t Min. Conch. t. 398. f. 8, t. 259. f.1. 
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localities prove to what an extent it was atone time carried. Frag- 
mentary specimens of the fossils of these beds may still be found in 
the old workings ; but the late Mr. F. Edwards, in bringing together 
his fine collection of the Mollusca from the British Lower Tertiaries, 
found it necessary to emply workmen to reopen some of these pits, 
in order to obtain well-preserved specimens. There were also at 
that time two brickyards in which the strata in question were ex- 


posed, those namely of Whitley Ridge and Roydon, the former of 


which has been long closed. 

But in the year 1858 the construction of a railway-cutting at 
Brockenhurst afforded an opportunity for collecting the fossils of this 
interesting series of marine beds, of which opportunity Mr. Edwards 


and the Geological Survey made excellent use; Mr. Henry Keep-— 


ing and Mr. Richard Gibbs, the fossil-collector of the Survey, were 
both for some time employed in collecting the fossils from this inter- 
esting deposit. 

In 1863 M. von Konen visited this country; and in the group 
of fossils which Mr. Edwards had collected from Lyndhurst, Whit- 
ley Ridge, Roydon, and Brockenhurst he at once recognized the 
peculiar and remarkable fauna of the Tongrian of Belgium and the 
Lower Oligocene of Northern Germany. He also placed on the 
same horizon certain beds at Colwell Bay and Whitecliff Bay in the 
Isle of Wight *. 

Dr. Duncan’s subsequent study of the rich coral-fauna of these 
beds amply confirmed Von K®énen’s views as to their Lower- 
Oligocene age 7. 

Now in my former memoir I haye argued that the Barton Clay 
and its continental equivalents ought to be regarded as forming the 
highest member of the Eocene. The Headon-Hill Sands and Clays, 
which overlie the Barton beds, exhibit intercalated bands of brackish- 
water origin, and yield a considerable fauna. Among the most 
abundant aud characteristic fossils of beth the Headon Sands and 
Clays are the different varieties of Cerithium concavum, Sow. In 
many parts of the continent a series of beds with a similar fauna 
has been found, overlying the richly fossiliferous representative of 
the Bartonian ; and this series of strata has long been recognized by 
Mayer, Sandberger, and other authors as “the zone of Oerithiwm 
concavum.” To this horizon, therefore, [ have referred both the 
Headon Sands and Clays. 

The richly fossiliferous marine beds of Lyndhurst and Brocken- 
hurst I believe to altogether overlie the Headon group or Zone of 
Cerithium concavum; and I have proposed for it the name of “the 
Brockenhurst series,” inasmuch as it constitutes a mass of strata of 
considerable thickness and importance, and possesses a very rich and 
characteristic fauna. I have grouped the Headon and Brockenhurst 
beds together as the Lower Oligocene, and the overlying Bembridge 
and Hempstead as the Middle Oligocene, the Upper Oligocene being 
altogether wanting in this country. 


* Quart. Journ. Geol. Soc. vol. xx. (1864) p. 98. 
+ Monograph of British Fossil Corals, 2nd ser., Pal. Soc. 1866. 
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To this proposed classification exception has been taken by various 
critics, on very different and often quite opposite grounds. Many 
esteemed continental correspondents, who entirely agree with me as 
to the order of succession of the strata, point out that in the Paris 
basin the zone of Cerithiwm concavum appears to be simply an upper 
and subordinate member of the Bartonian; they argue, therefore, 
that the line of separation between the Eocene and Oligocene should 
be drawn at the base of the Brockenhurst series, thus including the 
Headon Clays and Sands in the Bartonian or Upper Eocene. My 
reason for not, in the first instance, adopting this line as the limit of 


the Eocene and Oligocene was the great inconvenience which would 


result from breaking up our fluvio-marine series into two portions, 
and grouping one with the Kocene and the other with the Oligocene. 
It is true that the interesting observation made by Messrs. Keeping 
and Tawney, that at Whitecliff Bay an actual unconformity appears 
to exist at this horizon, lends some support to the view that this 
is the line of demarcation between the two great series; and, in 
order to prevent the inconvenience of adopting different limits 
between the great geological divisions in this country and on the 
continent, it may be advisable to waive the objection to breaking up 
what appears to be, locally, a natural grouping of the strata. 

But other critics, while agreeing with M. von Konen, Dr. Duncan, 
and myself as to the Lower-Oligocene age of the Brockenhurst beds, 


. maintain that I have altogether misunderstood the order of succession 


of the strata*. They assert that the Brockenhurst beds do not 
overlie the Headon group, but lie in the midst of it, forming a base- 
ment bed to the so-called “ Middle Headon series.” To the very 
obvious objection that this places what nearly all continental paleeon- 
tologists regard as an Upper Eocene fauna below one belonging to 
the Lower Oligocene, one of the authors has replied by asserting that 
the name of the zone of Cerithiwm concavum is properly applicable 
only to the sands at the base of the Headon series, and not to the 
overlying clays. More matured study of the question, however, 
appears to have led Mr. Tawney to greatly modify his views on 
the whole question ; for in a later memoir we find him maintaining 
that the term Oligocene ‘is less applicable to the English Ter- 
tiaries than the older and more classical division into Eocene &c.,” 
and, again, “‘the break between Oligocene and Kocene is an unnatural 
one, and the introduction of the term in our opinion obscures the 
affinities between the members of the English series” . 

In the same paper this author abandons his former views as to 
the English representatives of the zone of Cerithium concavum, and 
states that the Headon Sands are characterized by the Cerithiwm 
pleurotomoides, Desh., while he now admits that Cerethiwm concavui 
is especially abundant in the overlying clays. With the great 


* “On the Beds of Headon Hill and Colwell Bay in the Isle of Wight,” by 
H. Keeping and E, B. Tawney, Quart. Journ. Geol. Soc. vol. xxxvii. (1881) 
1 


8). 
+ Quart. Journ. Geol. Soc. vol. xxxvii. (1881) p. 127. 
{ Proceedings of the Cambridge Philosophical | Society, vol. iy. p. 147, note. 
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majority of continental paleontologists, I maintain that Cerithium 
concavum and C. pleurotomordes, are mere varieties of one well-marked 


species, and that both the Headon Sands and Clays belong to the 


zone of Cerithiwm concavum. 

In the discussions which have taken place with respect to these 
Lower Tertiary strata, two perfectly distinct questions are involved— 
first, as to the order of, succession of the beds in the Hampshire 
basin, and, secondly, as to the correlation of those beds with the 
deposits formed during the same great geological periods in other 
areas. 

It will manifestly facilitate our fair consideration of these two 
-questions, if we treat each of them separately ; and such a course is 
fortunately rendered possible by the fact that at Whitecliff Bay, 
in the Isle of Wight, we have a continuous section of about 1900 
feet of nearly vertical strata belonging to the Kocene and Lower 
Oligocene periods ; so that here, at all events, the matter is not com- 
plicated by any doubt as to the true order of succession. The 
vertical position of these beds is not very favourable for the collection 
of fossils from them; but many of the strata are admirably displayed 
at low water, especially during spring-tides, and yield rich and abun- 
dant faunas. The admirable section of Professor Prestwich* enables 
us to refer without risk of being mistaken to any particular stratum ; 
and the thicknesses of the whole of these beds have been carefully cor- 


rected by Mr. Codrington with the aid of the 25-inch maps of the . 


Ordnance Sur vey T 

I am greatly indebted to Mr. Codrington for the loan of the 
manuscript of his detailed section of the beds seen in Whitecliff Bay, 
which has been of great service to me in my studies. 


II. Geological Age of the several Series of Beds exhibited wm the 
Whiteciff-Bay Section. 


The references made to the several portions of the Whitecliff-Bay 
section in the following pages will be facilitated by the accom- 
panying woodcut (p. 465), in which the nature of the several beds is 
indicated by shading. The engraver, in reducing the section to the 
limits of the page, has not very accurately presermed the relative thick- 
ness of the several beds. These thicknesses, however, are stated 
in the text. The numbers are those of Prof. Prestwich’s section. 

With respect to the portion of the Whitecliff-Bay section which 
represents the Lower Eocene, there is fortunately little ground for 
difference of opinion. The widely distributed Plastic Clay series of 
the Paris, Hampshire, and London basins is, at Whitecliff Bay, 
represented by Mr. Prestwich’s bed 2, here 200 feet in thick- 
ness, and is seen to be overlain by a series of sands and clays (beds 
3 and 4 of Prestwich) with a tolerably abundant fauna. That this 


series of beds, which is about 300 feet in thickness, is correctly re- | 


ferred to the: London Clay has been shown: by the valuable researches 


* Quart. Journ. Geol. Soc. vol. ii. eae, pt ix. 
Tt. Lbid. vol. xxiv. Sd p. 519. 
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ot Mr. Meyer * and Mr. Caleb Evans 7 concerning the equivalent 
strata which were exposed during the Portsmouth-Dockyard ex- 
tension works. ‘The Portsmouth sections, as described by these 
authors, supply us also with the means of bringing into correlation 
the fossiliferous rocks of Bognor, the stratigraphical position of 
which was before uncertain, and the beds of the Whitecliff-Bay 
section, which have not yielded a very abundant fauna. 

When we proceed westward, however, to Alum Bay, which is 
distant 22 miles from Whitecliff Bay, there is more difficulty in de- 
termining the exact limits of the Lower Eocene. The carefully 
measured section of the Geological Survey shows the Plastic Clay to 
be only 84 feet thick, while it assigns 219 feet of strata to the 
London-Clay series. Mr. Gardner t+ has argued in favour of in- 
cluding the next 176 feet of strata in the London-Clay series; and 
there are good grounds for adopting his suggestion. This would 
make the Lower Eocene beds at Alum Bay 480 feet thick, while at 
Whitecliff Bay they are 500 feet. Both the divisions of the Lower 
Eocene are represented at Studland Bay ; but the characters of the 
exposures are not such as to readily admit of the relative thick- 
nesses of the series of strata being accurately determined. 

But when we come to the Middle Eocene strata, we find the 
greatest diversity between the views of different authors, both as to 
the limits of the several divisions and their correlation with the 
strata of the London and Paris basins respectively. 

In 1847, Mr. Prestwich announced his very important discovery 
that the Bracklesham and Barton beds of the Hampshire basin do 
not represent, as had formerly been supposed, the London Clay, but 
that the former is the exact equivalent of the Calcaire grossier, and 
the latter of the Grés de Beauchamp, or Sables moyens, of the 
Paris basin§. Contemporaneous with this important determination 
was the same author’s recognition of the Lower Bracklesham fauna 
in the Middle Bagshot strata of the London basin ||. | 

Above the strata which at Whitecliff Bay have been shown to be 
the representatives of the London Clay, there occurs a series of 
unfossiliferous sands (Bed 5 of Prestwich), in all probability of 
freshwater origin. The thickness of these beds has been estimated 
at 142 feet by Mr. Codrington; and they were correlated by 
Prof. Prestwich with the Lower Bagshot series in the London basin. 

The beds numbered from 6 to 14 by Prestwich were, with the 
exception of the upper 9 fect, referred by that author to the 
Bracklesham series, which, as thus defined, had a thickness of about 
450 feet. The beds 15 to 19 inclusive, in all about 260 feet of 
strata, were referred to the Barton Clay. But in 1862 the Rev. O. 
Fisher proposed to remoye more than 200 feet of the Whitecliff-Bay 
beds from the Barton series and to include them in the Bracklesham 


* Quart. Journ. Geol. Soc. vol. xxvii. (1871) p. 74. 
t Proc. Geol. Assoc. vol. ii. pp. 61, 149. 

} Lbid. vol. vi. p. 86. - 

§ Quart. Journ. Geol. Soe. vol. iii. (1847) p. 353. 

|| Zeid. p. 378. 
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series*. Mr. Fisher’s reason for proposing this great change in the 
classification of the Whitecliff-Bay beds was that he considered certain 
fossiliferous bands could be traced continuously wherever the Brackle- 
sham series is exposed over the whole Hampshire basin. In each 
of these fossil-beds, which vary in thickness from 6 inches to 6 feet, 
he assures us that a similar matrix and the same assemblage of 
fossils can be recognized, and he assumes the continuity of these | 
fossiliferous bands over the whole of the wide area through which 
the Bracklesham series can be followed—an area measuring 40 
miles from east to west, and 20 miles from north to south. 

But it is only fair to remember that the occurrence of these fossil- 
beds is capable of a different explanation. Among the inconstant 
strata deposited (as the Brackleshams undoubtedly were) near 
the estuary of a great river, similar materials with the same 
assemblage of fossils would be deposited wherever the same physical 
conditions prevailed ; and it is not necessary to assume that similar 
fossil-beds exposed at widely separated localities are necessarily 
parts of one continuous stratum, Mr. Fisher’s argument in favour 
of including so great a thickness of the Whiteclifi-Bay beds in the 
Bracklesham series rests to a great extent also on his reference of 
the fossiliferous strata of Hunting Bridge to that geological horizon ; 
and this is a conclusion which is far from being free from doubt. 
Although it is difficult among the poorly fossiliferous beds of White- 
cliff Bay to fix the exact line of demarcation between the Brackles- 
ham and Barton series, yet there are good grounds for believing 
that the Barton Clays have a greater thickness and importance at 
that locality than is ascribed to them by Mr. Fisher. 

With respect to the correlation of the richly fossiliferous strata of 
the Hampshire and Paris basins, Mr. Prestwich’s admirable papers 
left little to be accomplished, and the discovery of fresh species in 
the two areas bas completely confirmed the conclusions arrived at 
by that author with the assistance of Prof. Morris and the late 
Mr. F. Edwards. As early as 18477 it was proved that the 
Bracklesham beds contain the same fauna as the Calcaire grossier ; 
and in 1857 the exact correspondence of the Bracklesham series and 
the Barton series with the Middle and Upper Eocene of France and 
Belgium was established beyond all chance of controversy t. 

But the correlation of the richly fossiliferous Hampshire beds 
with the barren Middle Eocene of the London basin has proved a 
far more difficult task; and the views generally accepted on this 
question are, to say the least of them, still open to very grave 
doubt. 

The Lower Bagshot beds of the London basin have a thickness of 
from 100 to 150 feet; they contain only a few obscure vegetable 
remains, and are in all probability of freshwater origin. The sands 
and pipe-clays which at Studland Bay, Alum Bay, and Whitecliff 
Bay are seen immediately overlying the representatives of the 


* Quart. Journ. Geol. Soc. vol. xviii. (1862) p. 65. 
t Lbid. vol. iti. (1847) p. 354. 
+ Lbid. vol. xiii. (1857) p. 90. 
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London Clay were regarded by Mr. Prestwich as probably repre- 
senting the Lower Bagshot of the London basin, and as being, like it, 
of freshwater origin*. The pipe-clays with abundant vegetable 
remains at Corfe, Branksea, Studland, and Alum Bay, all appear to 
be in this part of the Middle Eocene series. It is worthy of note 
that Mr. Prestwich confined the term Lower Bagshot beds to his 
stratum 5 of Whitecliff Bay, which he had previously called the 
‘* Lower Bracklesham Sands ” 7. 

The Middle Bagshot of ee London basin is only from 40 to 60 
feet in thickness ; ‘it is of somewhat argillaceous composition, and 
of undoubted marine origin. So inconstant are its characters, 
however, in different parts of the London basin, that the line of 
demarcation between this and the other divisions of the Bagshot 
beds which was adopted by Mr. Prestwich, has evidently not been 
followed by the officers of the Geological Survey. 

The Middle Bagshots contain only a few marine fossils ; but these 
are sufficient to enable us to correlate them, without doubt, with the 
lower part of the Bracklesham series in the Hampshire basin. The 
Upper Bagshot of the London basin has a thickness varying from 
100 to 150 feet, and only differs from the Middle Bagshot in its 
more purely arenaceous character, a distinction which is far from 
being constant. The Upper, like the Middle Bagshots, are of marine 
origin ; but the fossils are exceedingly rare and very badly preserved. 

With regard to the portions of the Hampshire Eocenes with which 
the Upper Bagshot of the London basin ought to be correlated, the 
greatest difference of opinion has prevailed. Mr. Prestwich’s views 
are clearly stated in the following passage :— 

“* How far the Upper Bagshot Sands are related to the Brackles- 
ham series it is difficult to say. The few fossils I have found in 
those sands are not sufficiently distinctive to enable me to pronounce 
a decided opinion. As, however, the fossiliferous Middle Bagshot 
Sands are very thin, and represent apparently only the lower or 
middle part of the Bracklesham series, I think it probable that it is 
the upper beds of sand and clay of the latter which pass north- 
wards into the thick sands of the Upper Bagshot Sands. Still it 
is possible that part of them may represent the Barton series; for 
we see at Barton how shifting the upper part of that series is—how 
clay predominates at one place and sands at another ” f. 

In the various publications of the Geological Survey, however, 
the thin division of the Middle Bagshot is correlated without any 
expression of doubt with the whole of the Bracklesham and Barton 
series, a mass of strata which at Whitecliff Bay exceeds 700 feet 
in thickness, while a series of sands overlying the Barton Clay is 
regarded as the representative of the Upper Bagshot. 

Mr. Gardner’s studies of the beds in the Bournemouth area have 
led him to another, and much more probable, correlation of the 
Middle Eocenes of the Hampshire and London basins, a view which 


* Quart. Journ. Geol. Soe. vol. iii. (1847) p. 395. 
+ Ibid. vol. xiii. (1857) p. 90, note. 
¢ Lbid. vol. xiii. p. 132. 
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is much more in harmony with the conclusions of Mr. Prestwich as 
given in the paragraph cited above. Like the latter author, 
Mr. Gardner restricts the name of Lower Bagshot to the oldest part 
of the Middle Eocene, which immediately overlies the London Clay, 
and he finds a probable representative of the Middle Bagshot in his 
‘¢ Bournemouth Marine,” and of the Upper Bagshot in his Boscombe 
Sand with its remarkable pebble-beds*. 

In his memoir on the London basin, Mr. Whitaker admits that 
the grounds on which the classification of the Geological Survey is 
based are far from being satisfactory. As an explanation of the 
difficulties he feels, he suggests that the Barton Clay may be absent, 
and in this way the representative of a higher series of beds may 
come to rest on the strata of Lower-Bracklesham agey. But of the 
existence of any lacuna between the Upper and Middle Bagshots no 
evidence has ever been produced ; and the difficulty experienced by 
Mr. Prestwich and the officers of the Geological Survey in fixing 
upon a clear line of demarcation between them seems to point to 
the conclusion that the one series graduates insensibly into the 
other. 

Still more recently Mr. Herries has brought forward the evidence 
of some additional species of Mollusca, which he has found in the 
Upper Bagshot beds of the London basin, as throwing fresh light on 
the vexed question of their geological age ¢ These fossils are un- 
fortunately all casts in ironstone, and it is admitted that their 
identification’ is in most cases very doubtful; nevertheless it is 
argued that the balance of evidence is in favour of associating the 
Upper Bagshot with the Barton rather than with the Bracklesham 
series. As there are, however, only three Species said to be certainly 
recognizable, which are peculiar Barton forms (though one at least 
of these has certainly been found in the Bracklesham series), 1t must 
be admitted that the additional evidence is not of any very great 
weight. Mr. Herries, however, concludes from his study of this 
fauna that while the Upper Bagshot js the equivalent of the Barton 
Clay, “ that part at least of the Hampshire- basin Upper Bagshot which 
at its summit, immediately under the freshwater Lower Headon at 
Hordwell, contains Ola Branderi and C. (Vicarya) concavum, is a 
distinct and probably higher horizon”§. A still later paper on the 
subject by Mr. Tawney makes the same admission as to the imper- 
fection of the evidence on which the “‘Upper Bagshot” of the 
London and Hampshire basins are placed on the same horizon. The 
author, however, argues in favour of the continued use of the term 
for the strata of the Hampshire basin, or, in other words, of applying 
the same name to two sets of strata of admittedly different age. 

It will be seen from this review of opinion upon the subject that, 
while the general correlation of the beds of the Hampshire and Paris 
basins is undisputed, the exact age of the Bagshots of the London 


* Quart. Journ. Geol. Soc. vol. xxxv. (1879) pp. 210, 227. 
t Mem. Geol. Surv. Gt. Britain, vol. iv. pt. i. p. 338. 

t Geol. Mag. new ser. dee. ii. vol. viii. p. 171. 

§ Loe. cit. p. 173. 
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area is still a subject of much doubt ; and this arises principally from 
the fact of tbe unfossiliferous character of these last-mentioned strata. 
According to the views of the officers of the Geological Survey, 660 
feet of the beds seen at Alum Bay ought to be ranked as Lower 
Bagshot, while Mr. Gardner would restrict that name to 73 feet of 
those beds. What, if any such exist, are the Hampshire repre- 
sentatives of the Upper Bagshots of the London basin, is a question 
about which there is still greater and apparently hopeless divergence 
of opinion. . 

From this state of confusion into which the nomenclature of the — 
Middle and Upper Eocenes of the Hampshire basin has unfor-— 
tunately fallen, there is one and, as it appears to me, only one 
means of escape. It is clear that the Upper and Lower Bagshots of 
the London basin have not yielded a sufficient number of well- 
preserved organic remains to enable us to determine their exact 
place in the geological series. The naming of beds in the Hampshire 
basin, the age of which is clearly determinable, after these doubtful 
deposits, has been the source’of an immense amount of confusion 
in the past. I would therefore advocate, as the only way of getting 
rid of this confusion, the total abandonment of the terms Upper 
and Lower Bagshot, as applied to strata in the Hampshire basin. 

The beds in the Hampshire basin to which the term Lower Bag- 
shot has been restricted by Mr. Prestwich and by Mr. Gardner, 
were formerly called ‘the Lower Bracklesham Sands” by the first- 
named author. ‘This name appears liable to be misundersood, and 
has been withdrawn by its author. I would venture therefore to 
suggest as a convenient name for this series of beds, which is 
represented in Whitecliff Bay by Mr. Prestwich’s bed 5, in Alum 
Bay by his beds 15 to 18, and on the Hampshire coast by the 
sands and pipe-clays of Poole, Corfe, Branksea Island, and Studland 
Bay, the term “Studland Series.” The Studland beds are of purely 
freshwater origin ; and they yield an abundant flora, which has now 
been shown to be perfectly distinct from that of the overlying 
Bournemouth beds *. 

The Studland Series forms the lower part of the Middle Eocene 
in the Hampshire basin; and the upper part of that division is 
formed by the mass of strata which in its easterly development is 
purely marine but in its westerly development passes into brackish- 
water and freshwater deposits. The way in which this takes place 
has been admirably illustrated in the memoirs of Mr. Prestwich and 
Mr. Gardner. The marine type of this formation is the Bracklesham, 
the freshwater the Bournemouth series. Both the marine fauna 
and the terrestrial flora of these beds seem to be. highly charac- 
teristic, so as to clearly distinguish it alike from the underlying and 
overlying deposits. 

The Barton Clay, of which the limits, as defined by Mr. Prest- 
wich, appear to me to agree much more closely with the conti- 
nental classification than does the grouping proposed by Mr. O. 


* Pal. Soc., British Hocene Flora, 1879, p. 16. 
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Fisher, is everywhere recognized as the representative of the Upper 
Kocene. 

The series of sands immediately overlying the Barton Clay, and 
and called by the Geological Survey the “‘ Upper Bagshot Sands,” 
has long been known by the alternative name of the ‘“ Headon-Hill 
Sands ;” and by this name, in order to avoid hopeless confusion, I 
would in the future propose to cail it. 

At Whitecliff Bay this series of sands is well exposed, forming a 
mass 200 feet in thickness, immediately overlying the representative 
of the Barton Clay. It is almost equally well seen at Headon Hill, 
where its thickness has been variously estimated at from 100 to 200 
feet. 

On the Hampshire coast these sands are exposed between Long- 
Mead End and Beacon Bunny, and again at Kaglehurst near Calshot, 
and they have been dug at many localities inland. 

At Whitecliff Bay the sands in question are generally quite unfossi- 
liferous ; but the late Mr. Richard Gibbs, the excellent fossil-collector 
of the Geological Survey, found a band in which a number of ferru- 
ginous casts of shells were recognizable. These were too friable for 
removal; but Professor Edward Forbes examined them in situ, and 
recognized them as belonging to the marine genera Cardium*, 
Panopea, and Tellina, and stated that so far as these forms were 
determinable they appeared to be identical with species found in 
the underlying Barton Clay. 

At Headon Hill and at Kaglehurst, only comminuted and water- 
worn fragments of shells occur in these sands; but at Long-Mead 
End a band near the top of these sands contains a tolerably 
abundant fauna. ‘The beds are evidently of brackish-water origin ; 
for both marine and freshwater forms occur in considerable abun- 
dance in them. 

These brackish-water Headon-Hill Sands, then, are intermediate 
in position between the marine Barton Clays below and the fresh- 
water Headon-Hill strata above. They represent the passage from 
marine to freshwater conditions ; and that they are equally related to 
both these deposits is shown by the fact that Barton and Headon 
forms occur in them in about equal proportions +. 

Above the Headon-Hill Sands we find at Whitecliff Bay a series 
of clays with bands of lignite attaining a thickness of about 40 
feet. The fossils found in these beds appear to be entirely of 


* Mem. Geol. Sury., The Geology of the Isle of Wight, 1862, p. 51: Car- 
dinia here is clearly a misprint for Cardium. 

+t Mr. Tawney has recently stated that, of 28 species of shells found by him 
at Long-Mead End, only 21 per cent were Headon forms, while 85 per cent. 
were Barton forms. He therefore argues -that the Headon-Hill Sands have 
closer affinities with the underlying Barton than with the overlying Headon 
Clays. But in a comparison of this kind every thing depends on the identi- 
fication of species ; and in some cases Mr. Tawney’s identifications differ from 
my own, and, I believe, from those of other paleontologists both in England 
and on the continent. 

The study of the fauna appears to me to show that the beds are almost exactly 
intermediate in age, as they are in position, between the Barton and the Hea- 
don Clays. 
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freshwater and terrestrial origin; and no brackish-water beds have 
been detected in this part of the series at Whitecliff Bay. But at 
Alum Bay, and at Hordwell Cliff on the opposite coast of Hamp- 
shire similar beds of clay and lignite occur attaining a greater 
thickness and containing bands with an admixture of freshwater 
and marine fossils, the latter almost always in a dwarfed condition. 
I will reserve what I have to say concerning the Headon Clays at 
Alum Bay, and proceed to point out the characters presented in the 
equivalent strata at Hordwell Cliff. 

These strata at Hordwell Cliff have attracted much attention 
from geologists, owing to the rich harvest of mammalian and 
reptilian remains which they have yielded to the late Mr. Searles 
Wood, the Marchioness of Hastings, and other collectors. Many of 
the beds have received local names from fossil-collectors ; and more 
or less detailed descriptions of the succession of the strata have been 
published by Webster, Lyell, Searles Wood, the Marchioness of 
Hastings, Dr. T. Wright, and the Rev. O. Fisher. 

It is a remarkable fact, as pointed out by the late Edward 
Forbes *, that the published descriptions of these sections, though 


professing to give the most minute details, arrived at by measuring _ 


down the beds inch by inch, differ from one another in a very 
striking manner. My own observations on this section, carried 
on during the last twenty years, convince me that these strata, like 
most deposits of estuarine origin, are of the most inconstant cha- 
racter, varying in thickness within very short distances. Mr. Cod- 
rington estimates that this coast-line is receding, in consequence of 
the action of the sea, at the rate of a yard per annum; and he thus 
accounts for the remarkable discrepancies of different observers as 
to the thickness of the gravel. Among such variable strata as 
these are, the section exposed to observers at different dates may 
vary considerably. I have in a previous paper pointed out the 
impossibility of relying upon the constancy of the thin beds of 
limestone, lignite, &c. in tracing the order of succession among 
these estuarine beds; but I think there can be no doubt as to the 
general succession of strata at Hordwell Cliff. 

The Headon-Hill Sands, which at Beacon Cliff are much thinner 
than in the Isle of Wight, contain an admixture of freshwater and 
marine shells, and, as Mr. Searles Wood and Dr. Wright long ago 
pointed out, are of estuarine origin. The lowest bed of the overlying 
Headon-Clay series consists of green and blue laminated clays with 
much carbonaceous matter, occasionally passing into thin lignite 
seams. This bed, which is about 32 feet thick, is known locally as 
the “ Lignite-bed.” Above this Lignite-bed there is found a series 
of sands and sandy clays containing freshwater and _ terrestrial 
remains—plants, shells, and bones. From the fact that these beds, 
which are about twenty feet thick, have yielded to collectors the 
remains of Paloplotherium, Palewotheriwm, and Dachodon, they are 
known as the “ Mammalia-bed.”” The top of this series is marked 


* Quart. Journ. Geol. Soc. vol. ix. (1853) p. 268, 
+ Lbid. vol. xxvi. (1870) p. 532. 
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by a bed of dark-coloured clay about 2 feet thick, containing 
numerous impressions of leaves. Overlying this ‘ Leaf-bed” is a 
series of white and grey sands with irregular bands of clay about 
fifteen feet thick. As this division yields many bones of Crocodilus, 
Trionyx, and EHmys, it is well known, especially the upper part of 
it, to collectors, by whom it is called the ‘“ Crocodile-bed.” About 
four feet higher we come to a thin, somewhat nodular band of 
marly limestone crowded with specimens of Ziomncea and Planorbis. 
The thickness of this limestone varies, but may average about six 
inches. Above the limestone band we find a series of grey and 
green shelly marls and sands with occasional bands of lignite, 
measuring together about 20 feet. The total thickness of the beds 
so far described may be estimated at 65 feet. 

Throughout this thickness of strata the fossils appear to be 
generally of freshwater and terrestrial origin. I have found some 
exceptions to this rule; for at three different horizons specimens of 
Cerithium occur, with other indications of the temporary coming in of 
brackish-water conditions. Resting on these strata, however, is 
the celebrated ‘“‘ Marine bed” of Hordwell, which has attracted 
such a considerable amount of attention from geologists. 

Mr. Webster and Sir Charles Lyell, who published the first 
accounts of the Hordwell cliff, failed to find any trace of a marine 
formation there, although it is evident that their attention was 
particularly directed to the question of the existence of marine 
strata at this horizon. Both these authors, however, record the 
finding of specimens of Cerithiwm in fragments which had fallen 
from the cliff. But in 1840 Mr. F. Edwards detected a thin band 
containing numerous marine shells, which band he succeeded in 
tracing in the cliff for a distance of 300 yards. In 1843 Mr. Searles 
V. Wood, who examined the cliffs with great minuteness, could 
only trace this band for 100 yards; while in 1851 Dr. Wright only 
found it exposed at one place for a distance of about 10 yards. 
In 1853 the Marchioness of Hastings said that the bed was nearly 
worked out. Messrs. Keeping and Tawney thought that it had not 
been exposed for 28 years ; but within the last twenty years, I have 
had the good fortune to find it on two occasions, though during 
numerous other visits I have altogether failed to do so. 

Mr. Searles Wood estimated the thickness of this bed at only 9 
or 10 inches, while Dr. Wright thought it a little more. The 
Rev. O. Fisher estimates it at 5 feet, but admits he had never seen 
the bed in section. I found myself that the marine shells were 
confined toa very thin band, certainly not more than a foot in 
thickness. Whether this thin seam has altogether disappeared 
through the wearing away of the cliff, as may well happen with 
such thin lenticular patches, or whether it is only concealed under 
the gravels and fallen detritus, I am not able to state; but the fact 
that the band could at one time be traced from the point where it 
rises on the shore to a place where it crops out in the cliff, and that 
I have frequently searched the place where it ought to occur 

Q. J.G.8. No; 152, 2k 


ATA PROF. J. W. JUDD ON THE EOCENE AND OLIGOCENE 


without success, leads me to entertain the view that the former 
supposition is the correct one *. 

Above the “marine bed” at Hordwell there are seen about 20 
feet of sands and marls with freshwater fossils. But, as Mr. Searles 
Wood pointed out long ago, the forms of Mollusca and Vertebrates 
occurring in these upper freshwater beds are precisely the same as 
those found in the beds underlying the ‘‘ marine bed.” 

When these marine beds were first discovered, the whole of the 
fluvio-marine beds of the Hampshire basin were grouped according 
to Webster’s classification into the Middle Freshwater, the Upper 
Marine, and the Upper Freshwater. The thin marine band of 
Hordwell was therefore at once claimed as the representative of the 
Middle Marine formation. The proofs brought forward by Prestwich 
and Forbes of the existence of a number of marine or brackish-water 
beds of different ages in the fluvio-marine series, while they have 
caused this classification to be abandoned in many points, do not seem 
to have altogether dispelled the old notions on the subject; for we 
find the Rev. O. Fisher still claiming this thin and inconstant band 
of Hordwell Cliff, which abounds with dwarfed marine shells min- 
gled with freshwater forms, as the undoubted representative of the 
Middle or Marine Headon, the ‘‘ Venus-bed” of collectors; and he 
even identifies the thin limestone band below it with the How- 
Ledge limestone of the Isle of Wight rf. 

But. as long ago pointed out by Mr. G. B. Sowerby, and admitted 
by Sedgwick and other observers, the division of the Headon beds into 
three series, the upper and lowerof which are of freshwater, and the 
middle of marine origin, is one that will not bear the test of exact 
examination. All through the Headon series, bands containing some 
forms of marine mollusca, usually much dwarfed, oecur ; such brack- 
ish-water beds exist alike in the so-called Upper, Middle, and Lower 
Headon; and the utmost that can be said of these brackish-water 
beds, in which both marine and freshwater genera are mingled, is 
that they are perhaps most abundant in the central parts of the 
series. The so-called ‘“‘ marine band” of Hordwell is only one of 
the brackish-water intercalations of the Headon series. 

The whole series of strata at Hordwell cliff is therefore as 
follows :— 


feet. 
(1) Sands and marls with freshwater shells ............... 12-20 seen. 
(2) Sand with brackish-water shells (“Marine band”’)...... 1 or less. 
(3) Grey and green shelly marls and sand..................... 20 
(4) “Dinar Tes bOMG ns 2... cis suchebcs teas spats iasiew ct eee 5 
(5) Green *mamels! Vis .2.. Soot andes VAR ake AE Ste CREE ae oe 4 


* Tf the measures of the Marchioness of Hastings and Mr. Wise could be 
trusted, we must admit the existence of two marine bands in the Hordwell 
Cliff; for whereas these authors place their marine band 48 feet above the 
limestone bed, Dr. Wright reckons only |I6 feet of strata between those two 
beds. My own measurements and those of the Rev. O. Fisher support the views 
of Dr. Wright as to the true place of the marine bed ; Prof. Ed. Forbes (Quart. 
Journ. Geol. Soc. vol. ix. 1853, p. 268), however, thought the Marchioness of 
Hastings’s section more reliable than that of Dr. Wright. 

Tt Geol. Mag. new ser. dec. ii. vol. ix. (1882) p. 139. 
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feet 
(6) White sands and clays, with ‘‘ Crocodile-bed” at top ... 15 
(7) Sandy bed with lignite (“Leaf-bed”) ...............6 0.20005 3 
(8) Greenish sands and clays (‘‘Mammalian bed”) with a 
band near the base containing estuarine fossils......... 20 
Oe te litomibe, DEC, Yu ce amc eet chs satin ansislus as sory ASealage eye vlad site og 
(10) Seam of sand crowded with estuarine shells (‘‘ Oliva- 
(11) Sands with occasional brackish-water shells ............... 30-40 


These beds graduate so imperceptibly into the underlying Barton 
clays that it is difficult to fix the exact limits between them *. 

As studied at Hordwell Cliff, then, the Headon sands and clays 
are seen to pass into one another by insensible gradations, they 
are both of estuarine origin, and they contain essentially the same 
fauna. What that fauna is, there is not the smallest room for doubt. 
The French geologists have long recognized at the top of their Grés 
de Beauchamp, which represents our Barton clay, a series of sands 
well exposed at Mortefontaine, Monneville, and even under Paris 
itself, containing a peculiar assemblage of fossils, and to which the 
name of the zone of Cerithiuwm concavum has been given by Carl 
Mayer and Sandberger. Hébert, Carl Mayer, and many other 
foreign geologists have recognized in our Headon and Hordwell beds 
the representatives of the zone of Cerithiwm concavwm of the continent. 
As in the continental beds, so in both the Headon sands and clays the 
very characteristic fossil C. concavwm occurs in enormous abundance ; 
and many other fossils are common to the English and French de- 
posits. On the question of the position of this zone of Cerithiwm 
concavum, and the correlation of our Headon and Hordwell beds 
with them, all the most eminent Tertiary geologists of France, Ger- 
many, and Switzerland are perfectly agreed. 

At Eaglehurst, near Calshot, variegated clays and sands with 
Potamomya and other freshwater shells are found overlying the 
representatives of the Headon-Hill sands just as at Hordwell. These 
clays are dug in the Solent brick-works; and by the aid of Mr. 1. 
Westlake and Mr. Hooper I have been enabled to recognize among 
the bones found here remains of Crocodilus Hastingsice and of the 
well-known forms of Trionyx and Emys of Hordwell. 

The Headon beds are 24U feet thick at Whitecliff Bay; at Alum 
Bay their thickness is variously estimated at from 300 to 400 feet : 
at Hordwell they exceed 120; while at Eaglehurst their thickness 
cannot be exactly determined. 

The next series of strata exposed at Whitecliff Bay is the very 
interesting one for which I have proposed the name of the Brocken- 
hurst series. The freshwater Headon clays are suddenly succeeded 


* Mr. Searles V. Wood hasobligingly furnished me with some notes which he 
made when working in company with his father at Hordwell in the years 1848 
and 1845. He assures me that the whole of the vertebrate fossils obtained by 
his father, both reptilian and mammalian, were taken from the bed (6) which 
is called the “‘ Crocodile-bed.” Vertebrate fossils, however, appear to abound in 
both the divisions (6) and (8). 
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by a deposit of most unmistakably marine origin having a thickness 
of nearly 100 feet. So far as I have been able to discover, there is 
no appearance whatever of a gradual passage between these fresh- 
water and marine series of beds, the lowest portion of the 
latter abounding in marine Mollusca, Bryozoa, and even Corals. The 
break between the Headon and Brockenhurst beds appears to be 
a complete one. 

Messrs. Keeping and Tawney state that they found this marine 
series to lie upon an eroded surface of the underlying Headon beds*. 
This fact is in marked agreement with the sudden change in the 
nature of the fauna. At Roydon I have found an equally abrupt 
transition from the freshwater beds of the Headon to the marine 
ones of the Brockenhurst. 

The lowest 15 feet of these beds, which are of an argillaceous cha- 
racter, contain the most numerous fossils ; and these can be collected 
in great numbers at low water during spring tides. In the suc- 
ceeding 45 feet of strata, which are of a sandy nature, marine fossils 
(and only marine fossils) are found, and such species as occur agree 
entirely with those found in the underlying argillaceous beds. The 
highest beds consist of sands and clays 40 feet in thickness, in which 
marine fossils become more numerous; at the top of the series there 
is an admixture of marine and freshwater forms, indicating a gradual 
passage into the overlying freshwater beds. 

Now, with regard to the age of this marine series there is fortu- 
nately no room for doubt. There occurs in the New Forest a series 
of marine strata which Von Konen, Duncan, and after them many 
other authors have identified with the Tongrian of Belgium and the 
Lower Oligocene of Northern Germany. ‘The identity of the fauna 
found in this marine series of Whitecliff Bay with that found in the 
New-Forest bed has been pointed out by the Rev. O. Fisher, Messrs. 
Codrington and Jenkins, and has been amply confirmed by the col- 
lections made by Messrs. Keeping and Tawney. 

This continuous marine series of Whitecliff Bay Messrs. Keeping 
and Tawney propose to break up into four divisions. To the lowest 
two feet they give the name of ‘‘the Brockenhurst zone;” and the 
next 12 feet they call “the Roydon zone.” These two divisions 
they unite to form the ‘’ Brockenhurst beds.” The next division, 
“the Sanguinolaria-sand,’ 42 feet thick, they admit contains a 
number of distinctive Brockenhurst forms ; but the highest division, 
15 feet thick, they follow the Geological Survey in calling “the 
Venus-bed ;” and the whole marine series, including the overlying 19 
feet of sands, they group as the Middle Headon. 

According to the view propounded by those authors the Brocken- 
hurst zone is a thin, highly fossiliferous deposit, 2 feet thick at 
Whitecliff Bay, and varying from a few inches to a foot in thickness 
at the Brockenhurst cutting. Yet at Roydon brickyard, less than 
twotmiles away from Brockenhurst, this zone is stated to be altogether 
absent, nor could any trace of it be found at Hordwell, Headon. or 


* Quart. Journ. Geol. Soc. vol. xxxvii. (1881) p. 109. 
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Colwell Bay in the position which, according to these authors, it 
ought to occupy. 

The ‘* Roydon zone ” has been established to include those portions 
of the Brockenhurst series in which certain fossils were thought to 
be absent or rare. My own collections, that of Mr. Edwards in the 
British Museum, and one made by Mr. E. Westlake and placed at 
my disposal, show that the strata at Roydon are much richer than 
Messrs. Keeping and Tawney appear to have concluded from their 
visit to the locality. Von Kénen and Edwards had no doubt what- 
ever of the contemporaneity of the Roydon and Brockenhurst beds ; 
and the arguments by which it has been endeavoured to separate 
them are of the slightest character. 

The identification of the overlying strata as “‘ the Venus-bed,” and 
its reference to the so-called Middle Headon are, I believe, equally 
unfounded. Cytherea inerassata (the “Venus” of collectors) is a 
species of wide range. It is said by the officers of the Geological 
Survey to have been found in the Barton Clay, though this is doubtful. 
All through the Headon series, however, from the top to the bottom, 
it makes its appearance wherever brackish-water or marine conditions 
occur. It equally aboundsin the Brockenhurst beds and the Bembridge, 
a band crowded with examples of this shell overlying the Bembridge 
Limestone. Before the time of Edward Forbes this bed was unhesi- 
tatingly accepted as the ‘‘Venus-bed,” the Bembridge Limestone 
being confounded with that of Headon Hill. In the marine Brocken- 
hurst series of Whitecliff Bay, Cytherea incrassata occurs in great 
abundance in the bottom 15 feet; itis more sparingly scattered in the 
overlying 45 feet of sand, but again becomes very abundant in the 
overlying clays, its abundance or rarity being clearly determined 
by the nature of the sea-bottom at the time. Why one particular 
portion of the marine series should be singled out and called “ the 
Venus-bed,” I am quite at a loss to imagine. A considerable num- 
ber of highly characteristic Brockenhurst forms, such as Voluta 
spmosa, Strepsidura armata, Ostrea ventilabrum, Psammobia com- 
pressa and Cardita deltoidea, occur in these upper beds, which at 
the top exhibit the gradual return to freshwater conditions by the 
presence of Cyrena, Melania, Melanopsis, &e. 

But what is more fatal to the view that these beds belong to the 
Headon series, or zone of Cerithiwm concavum, is that the charac- 
teristic fossils of that horizon are wholly wanting in them. Ce- 
rithia (C. pscudocinctum &e.) abound in these beds; but, so far as 
my observations go, there is not a trace to be found of C. concavum 
and C. ventricosum. 

The attempt to split up this series of marine strata into a number 
of distinct and widely distributed fossil-beds, is, I believe, an example 
of that misleading method which has already led to a considerable 
amount of confusion in the case of the Bracklesham series, as I have 
already pointed out in the earlier part of this paper. 

Over the thickly gravel-covered area of the New Forest it is quite 
hopeless to attempt to follow the different divisions of the Eocene 
and Oligocene series. At one or two points, however, the marine 
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Brockenhurst series can be traced. In the banks of the stream 
called the Dark Water, near the village of Langley, and again in 
the sides of the Beaulieu river, just below the town of Beaulieu, 
the marine strata are exposed, where the great plateaux of gravel 
so well described by Mr. Codrington* have been cut through by 
the streams. At the latter of these localities a brickyard once 
existed, which has long since been closed and the pits filed iny. I 
have been able to collect in the river-banks the very characteristic 
Voluta geminata and other fossils of the Brockenhurst series. 
We meet with no further traces of them, however, till we come to 
the valley of the Lymington river, at Roydon and Brockenhurst and 
the localitiesin the immediate neighbourhood of Lyndhurst. We have 
no means of determining the total thickness of the Brockenhurst series 
in the New Forest; but at Roydon and near Lyndhurst it certainly 
exceeds 25 feet +. 


Ill. The Correlation of the Strata of Headon Hill and Colwell Bay. 


While the order of succession of the strata as seen in White- 
cliff Bay at the eastern end of the Isle of Wight is clear and un- 
disputed, such is far from being the case at Colwell Bay and Headon 
Hill, at the western end of the island: the strata contaming the 
peculiar fauna of the Brockenhurst series appear, at first sight, to 
be entirely wanting at these localities; certainly no trace of such 
a formation can be detected in the position assigned to it by Messrs. 
Keeping and Tawney, namely at the base of the so-called “‘ Middle 
Headon.” If, then, we accept the interpretation of these authors, 
we must believe that while the Brockenhurst beds are well developed 
both at Whitecliff Bay and in the New Forest, they are wholly 
wanting at the intermediate localities. 

But another explanation of the facts of the case has been sug- 
gested by M. von Konen and myself. The brackish-water beds of 
Colwell Bay yield a number of characteristic Brockenhurst fossils ; 
and we haye therefore been led to regard these Colwell-Bay beds as 
the brackish-water representatives of the Brockenhurst series, though 
we admit that in the New Forest they have a “richer and true 
marine fauna”’ §. 

But it has been maintained that the brackish-water beds of Col- 
well Bay are clearly identical and continuous with the so-called 
Middle Headon of Headon Hill. On this point the greatest diversity 
of opinion has long existed. Prof. Hébert and Dr. Wright be- 
heved the brackish-water beds of Colwell Bay and Headon Hill 
respectively to be on different horizons; and Mr. G. B. Sowerby, 
Prof. Sedgwick, and Prof. Edward Forbes all admit that there are 


* Quart. Journ. Geol. Soc. vol. xxvi. (1870) p. 528. 

t+ An account of some of these New-Forest sections was given by Mr. J. C. 
Moore, Quart. Journ. Geol. Soe. vol. v. (1849) p. 315. 

{ Although the whole of the fluvio-marine beds of the New Forest are coloured 
by the Geological Survey as belonging to the Headon series, there can be little 
doubt that a considerable portion of them belongs to the Bembridge series. 

§ Quart. Journ. Geol. Soc. vol. xx. (1864) p. 98. 
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considerable differences between these two sets of beds and the 
faunas which they contain. 

The officers of the Geological Survey, it is true, treat these two sets 
of strata as being upon the same horizon ; but they at the same time 
maintain the identity of the Headon-Hill and How-Ledge limestones ; 
and nothing can be more certain than that, while the Colwell-Bay 
brackish-water beds overlie the How-Ledge limestone, the Headon- 
Hill brackish-water beds underlie the Headon-Hill limestones. 

The great difficulty in arriving at a satisfactory conclusion con- 
cerning the order of succession of the strata at the west end of the Isle 
of Wight is due to the fact that, near the summit of the anticlinal 
in Totland Bay, there is an interruption in the sequence, owing to 
denudation, to the beds being covered up by later deposits, and 
possibly also to faulting. While a substantial agreement exists 
between the various detailed sections which have been published of 
the strata in Colwell Bay and Headon Hill respectively, the attempts 
to correlate these two sections have given rise to the greatest 
divergences of opinion. 

Since the publication of my own attempt to explain the relations 
of these sections, several other memoirs have appeared dealing with 
the same question. Prof. Blake*, while differing from me on many 
points, expresses his dissent with perfect courtesy and fairness. Messrs. 
Keeping and Tawney have also published their interpretation of these 
sections 7. The two sections recently published, though measured 
down bed by bed, differ in many important particulars from one 
another, from the sections of Mr. Prestwich, Dr. Wright, the Geolo- 
gical Survey, and from that published by myself. This arises, as I 
believe, from too great a reliance being placed upon the constancy 
of particular bands among these very variable estuarine deposits. 

In dealing with the stratigraphical evidence, Messrs. Keeping and 
Tawney state that I have altogether misrepresented the position of 
the ‘‘ Marine or Middle Headon.” Any one who will refer to my 
former paper will at once see that the position which I assume is that 
of altogether denying the existence of any such group as the Middle or 
Marine Headon. Under the circumstances I may perhaps be forgiven 
for quoting what I actually did state on the subject. Speaking of 
the Headon group, I said ‘“‘this group of freshwater and estuarine 
beds is more than 400 feet in thickness, and exhibits many indica- 
tions of the prevalence from time to time of brackish-water and 
marine conditions;” and, again, “in all the lower part of the series 
we find a tendency to the recurrence of brackish-water conditions ; 
and in these intercalated fluvio-marine bands we find numerous 
Cerithia, Cyrene, and dwarfed Ostrew.” 

Precisely similar conclusions to those which I had arrived at 
were announced by Professor Sedgwick as the result of the careful 
study of the Headon-Hill strata, which he made with the assistance 
of Prof. Henslow. Professor Sedgwick states that “in Headon Hill 
the middle argillaceous group contains innumerable freshwater shells, 


* Proc. Geol. Assoc. vol. vii. p. 151. 
t Quart. Journ. Geol. Soc. vol. xxxvii. (1881) p. 85. 
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greatly predominating over the marine, and bands of lacustrine marl 
differing in no respect from that of the upper and lower groups ”*. 

That brackish-water shells occur in certain bands in the strata 
usually ranked as the Upper and Lower Headon, may be seen by 
an inspection of the sections of Dr. Wright, Prof. Prestwich, the 
Geological Survey, and Prof. Blake; and these brackish-water bands 
occasionally contain Cytherea incrassata, On the other hand the 
central portions of the Headon series contain so few purely marine 
forms, and such as do occur are in such a dwarfed condition, that 
Mr. G. B. Sowerby strongly insisted on the inaccuracy of styling it 
a marine formation; while Sedgwick, Forbes, and nearly all other 
observers have admitted that nowhere in Headon Hill do we find 
marine conditions so strongly marked as at Colwell Bay. 

The fact is, as I have pointed out in my preceding paper, 
that the division of the Headon series into an Upper Freshwater, a 
Middle Marine, and a Lower Freshwater formation, is the last relic 
of a classification the inapplicability of which Sedgwick had begun 
to see in 1830, and which was rendered quite untenable by the sub- 
sequent discoveries of Prestwich and Forbes. The limits and divi- 
sions of this supposed Middle Marine Headon, as adopted by Messrs. 
Keeping and Tawney, are quite different from those given in the 
sections of the Geological Survey; and while the former authors 
include in it only from 31 to 33 feet of strata, Prof. Blake finds 
the brackish-water beds intercalated with about 45 feet of strata. 
A careful study of the published sections long ago convinced me 
that different authors had referred to different parts of the Headon 
eroup in describing the Marine or Middle Headon, and that no part 
of the series can be justly separated under that appellation. 

The great difficulty which all authors have found is to correlate 
the strikingly different sections exposed in Headon Hill and Colwell 
Bay. 

The method which was adopted by Dr. Wright, Mr. Bristow (in 
one of his sections t), and myself, was to select what appeared to be 
the most constant series of beds in the two sections, and to bring 
them into comparison. 

All through Headon Hill there can be traced a great mass of 
sandstones and limestones having a united thickness of over 40 feet. 
It is true that, when examined in detail, this series of calcareo-are- 
naceous beds exhibits many variations; the thick masses of lime- 
stone which are seen at some points are at others broken up into 
several thinner oues by intervening sands or clays; and in some places 
the limestone contains fewer shells, and passes into a sandstone 
rock. But, in spite of its minor variations in composition, this mass of 
strata maintains its thickness and general characters for a distance of 
more than a mile, and forms the most conspicuous feature in the 


* Proc. Geol. Soc. vol. ii. p. 294. 

+ The Tertiary Fluvio-marine formation of the Isle of Wight (1856), p. 132; 
The Geology of the Isle of Wight (1862), p.62. In the table of Vertical 
Section No. 4, the difficulty in identifying the beds of Colwell Bay and Headon 
Hill has been attempted to be met in another way still. 
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mural face of Headon Hill. Only half a mile off, on the other side 
of the Totland-Bay anticlinal, a similar mass of sands and limestones 
appears in Warden Cliff, and, dipping below the sea-level, forms the 
dangerous reefs known as How Ledge and Warden Point, stretching 
away towards Hurst Castle. Indeed the lower part of this series 
can be traced continuously all through Totland Bay. It is true 
that in Warden Cliff the beds are generally of a more arenaceous 
character, and the limestone bands are thinner and in most cases 
more inconstant than at Headon Hill; but the series does not differ 
more at these two localities than it does in its course through Headon 
Hill, and the same species of freshwater Mollusca abound in both. 
Further, the Upper Limestone, that of How Ledge, is seen to greatly 
increase in thickness as we trace it in the direction of Headon Hill, 
and the sandy beds to become more calcareous. 

Now, it has appeared to myself and other geologists that this 
well-marked mass of strata, which can certainly be traced without 
interruption through the whole of the Headon-Hill section, ought to 
be found in the Colwell-Bay section ; but, according to the interpre- 
tation of Messrs. Keeping and Tawney, it there thins away to an 
insignificant nodular band not above 1 foot 4 inches thick *. 

But if the Headon-Hill limestone series be identified with that 
of Warden Point, it is clear that the brackish-water beds of Colwell 
Bay overlying these limestones cannot be identical with those of 
Headon Hill, which underlie the limestones—a correlation which 
my critics so positively affirm. 

The position which they take up is as follows :—-Rejecting the 
identification of the beds at Warden Point and Headon Hill +, they 
proceed to indicate what they believe to be a surer means of corre- 
lation between the Colwell-Bay and Headon-Hill sections. 

At the east end of Headon Hill, a little above Widdick Chine, the 
authors find a series of brackish-water beds, which they profess 
themselves to be able to identify, without the smallest possibility of 
error, with the well-known brackish-water beds of Colwell Bay. 
More than this, they assert that the series of beds at these two 


* These authors (loc. cit. p. 90) have endeavoured to establish a curious tu 
guoque argument. ‘They say that if they make a limestone 27 feet in thickness 
thin out to 1 foot 8 inches in a distance of 1 mile 926 yards, I have made the 
same bed thin out to 5 feet, and ultimately to 3 feet, ina distance of 13 mile. 
But in this, as in many other points, my critics have quite misunderstood my 
views ; for I have not identified the How-Ledge limestone, but the whole mass 
of limestones and sands of Warden Point, with the similar series in Headon Hill. 

t The officers of the Geological Survey have, in their memoir ‘On the Tertiary 
Fluvio-marine Formation in the Isle of Wight’ (p. 182), and in their general 
memoir ‘On the Geology of the Isle of Wight’ (p. 62), deliberately expressed 
their opinion that the correlation of the limestones at Warden Point and 
Headon Hill is the true one. Messrs. Keeping and Tawney state these repeated 
observations to be “‘an oversight or clerical error.” Dr. Wright’s equally dis- 
tinct statement they in the same way characterize as “a mistake.” The fact is, 
that the officers of the Geological Survey have expressed in their different 
writings three quite irreconcilable views. I have adopted one of these, Messrs. 
Keeping and Tawney another; but I am quite at a loss to understand the 
grounds on which these authors claim to be regarded as the defenders of legi- 
timate authority. 
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points are not only in perfect agreement as to thickness and general 
characters, but that the numerous minor subdivisions at the one 
place are found exactly repeated at the other. 

Let us examine these statements and the supposed proofs of them 
a little more closely. The distance between the point where the 
Colwell-Bay beds rise from the shore and that where their supposed 
representatives are seen at Headon Hill is 14 mile or 2640 yards. 
For a distance of about 1200 yards from Headon Hill to the Totland 
brickyard we have no trace of these brackish-water beds; but for 
the remaining 1440 yards they can be traced with occasional inter- 
ruptions. 


Near Bramble Chine, where the beds are exposed on the shore at. 


low water, the Colwell-Bay brackish-water series is divisible into a 
number of local bands, which were well described by Dr. Wright, 
and may be distinguished by the names of the Cerithiwm-bed *, the 
Oyster-bed, the Venus-bed, the Psammobia-bed, and the Neri- 
tina-bed, the total thickness of these brackish-water beds being 
about 30 feet. These local divisions can be traced in the cliff for a 
short distance ; but less than 300 yards away from the point where 
the beds rise on the shore, their characters are seen to undergo a 
total change ; instead of the several distinct bands we have noticed, 
we find the brackish-water beds represented by a mass of dwarfed 
oysters between 20 and 30 feet thick. Tracing the beds in the 
cliff for a distance of another 350 yards, we find the characters of 
this so-called Marine or Middle Headon series undergoing another 
complete change: masses of light-brown and ferruginous sands 
come down to within 8 or 10 feet of the How-Ledge limestone; 
the brackish-water beds are reduced to a thickness of 5 or 6 feet 
only, and their fauna exhibits a much smaller admixture of marine 
forms: Cerithia and a few dwarfed Ostrew occur, with great num- 
bers of Cyrenw; but many of the marine genera found in the 
exposures to the eastward appear to be here quite unrepresented. 
At Warden Point the brackish-water beds are now concealed; but 
in the tumbled cliffs on the other side of the point we again 
find their representatives +. A careful study of this part of the 
cliff shows that the marine and brackish-water shells are confined 
to several thin and inconstant bands. At a distance of less than 500 
yards from the point where the brackish-water beds are lost in the 
cliffs, through denudation, we are able to trace their representatives in 
the Totland-Bay brickyard. This brickyard has been opened for a 

* Messrs. Keeping and Tawney differ from previous observers in calling one 
of the forms of Cerithium which occur here C. ventricosum. The species is quite 
distinct from the shell known by that name in the zone of C. concavum. 

+ My original section, drawn on the true scale, both horizontal and vertical, 
when reduced to the size of a plate in the Quarterly Journal of the Society, was 
too small to allow of some of the relations of the beds being clearly shown. I 
therefore, for the sake of clearness, added a second section, in which the vertical 
scale was exaggerated. In this latter section the position of the Colwell Bay 
marine bed at Warden Point is clearly shown, as my critics admit ; they never- 
theless:refuse to accept this section as illustrating my views, but severely cri- 


ticise the other section for its want of clearness. In the same way they dwell 
at great length on some obvious printer’s errors in the lists of fossils. 
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number of years ; and I have had frequent opportunities of tracing the 
succession of beds exposed in it, which the Rev. O. Fisher and Mr. 
A. H. 8. Lucas* rightly place on the horizon of the brackish-water 
beds of Colwell Bay and Warden Cliff. The strata exposed here are 
as follows :—At the top we find a mass of clays containing a few 
freshwater shells. These clays are more than 6 feet in thickness ; 
and at their base is found a band containing dwarfed oysters and 
other brackish-water shells. Cytherea incrassata I have not found 
in this band, though it very probably may occur there. The 
brackish-water band, however, which is never more than 18 inches 
thick, is so inconstant that in parts of the pit which I have seen ex- 
cavated it is found to thin out and disappear altogether; it is 
underlain by 10 or 12 feet of finely laminated white sands passing 
into sandy clays. In the foundation of a kiln these clays were 
seen to pass down into others crowded with Potamomya and other 
freshwater shells. 

Now in Headon Hill, where these beds are next supposed to be 
seen, it is argued that we find the “Middle Marine” of Colwell 
Bay not only having the thickness, but exhibiting all the minor 
subdivisions exposed at the point where it rises from the shore, each 
little band with precisely the same series of fossils in it. 

Between the two points compared, there is a distance of a mile 
and a half; for more than half this distance we can trace the series 
of beds at frequent intervals, and we find it undergoing four com- 
plete changes; and at the last place where it is seen it appears to 
be on the point of thinning out and disappearing altogether. Yet, 
in the next three quarters of a mile it is supposed to recover all its 
old characters, its original thickness, and even every minute sub- 
- division is supposed to be recognizable in it! 

The strata seen at Headon Hill, however, have in fact very little 
in common with those of Colwell Bay. In order to make a 
‘‘ Middle Marine series,” a number of brackish-water beds have 
been grouped with a number of purely freshwater strata, including 
limestones crowded with Limnea, Planorbis, and Paludina, and beds 
of hgnite. In the one set of beds Cerithium concavum occurs in 
prodigious abundance, in the other it is exceedingly rare. The 
difference between the two series of beds compared was long ago 
pointed out by Mr. G. B. Sowerby, and has been admitted by 
Sedgwick, Forbes, and the officers of the Geological Survey. The 
one point which they have in common is an abundance of the 
conspicuous and showy Cytherea incrassata; and hence the local 
fossil-collectors call each of them a “ Venus-bed.” 

My critics have collected about 50 species of fossils from both 
these beds, and state that they find them to be identical. But it is 
clear, from what is stated about certain species, that they differ, not 
only from myself, but from other English and continental paleon- 
tologists as to the identification of many forms of Mollusca. They 
have collected, too, only the shells of the highest brackish-water 
bands at Headon for comparison with those of the Colwell-Bay bed, 

* Geol. Mag. dec. ii. vol. ix. (1882) pp. 102, 138. 
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while I have compared the whole of the Headon marine forms with 
those of Colwell Bay. Nearly 100 species are known and have 
been recorded by competent authorities from both of these localities. 

I, on the contrary, find that the same genus is constantly repre- 
sented by the different species at the two horizons, and, like Von 
Konen, I recognize a considerable proportion of the Colwell-Bay forms 
as identical with those of the Brockenhurst series. 

At the same time, as both Von Konen and I have admitted, 
the Colwell-Bay beds exhibit much more estuarine characters than 
do the strata at the New Forest localities. At Lyndhurst and 
Brockenhurst the beds appear to be truly marine, containing, as Dr. 
Duncan has shown, reef-forming corals; but at Roydon there occur 
a few specimens of Cyrena and Melania, which may have been 
washed in from a neighbouring river, while some of the most cha- 
racteristically marine forms are absent or rare. At Colwell Bay, 
however, the admixture of freshwater with marine Mollusca becomes 


much more marked; many of the marine shells are dwarfed, while - 


the corals and such genera of marine Mollusca as could not tolerate 
any admixture of fresh water are altogether absent. Further, as I 
have shown, the mass of brackish-water strata passes within a very 
short distance into a great oyster-bank; and this, when traced west- 
ward, is replaced by a number of thin brackish-water beds which 
at Totland-Bay brickyard appear on the point of thinning out and 
disappearing altogether*. 

If the interpretation which I have advocated requires us to 
believe that the Brockenhurst beds, which at Colwell Bay begin to 
exhibit markedly estuarine characters, have, within less than two 
miles, thinned out altogether or passed into freshwater deposits, the 


theory opposed to it labours under still greater difficulties ; for we 


are called upon by it to believe that the thick masses of the Headon- 
Hill limestones have almost entirely thinned out and disappeared 
at Colwell Bay. The Brockenhurst beds are said to form the base 
of the *‘ Middle Headon ;” and of this Middle Headon there are said 
to be clear sections at Headon Hill, Colwell Bay, and Hordwell. 
Has any one ever detected at any one of these localities a bed that 
can be regarded as this Brockenhurst bed? The whole of the 
Headon beds, both sands and clays, abound with Cersthiwm con- 
cavum and its varieties. Cerithia occur in considerable abundance 
in the Brockenhurst beds; but Cerithiwm concavum is absent from 


* T have stated, in my paper and section, that the places where the Colwell- 
Bay marine bed, if it be continuous, should occur in Headon Hill are concealed 
by gravel and landslips. My critics declare that at one particular point there 
is no gravel, and take great exception to my description. They state that only 
“local taluses” occur. I can only ask any one who has taken the footpath from 
the keeper’s lodge to Headon Cottage, to judge if my statement is not strictly 
correct. The thinness and inconstancy of the brackish-water bed at Totland 
Bay brickyard points to the conclusion that it is on the point of dying out 
altogether. Mr. Gardner has obligingly furnished me with some sections he 
had made by digging at the east: end of Headon Hill, which seem to show that 
the Brockenhurst marine band has entirely disappeared. But, as Mr. Prest- 
wich’s section long ago showed, traces of brackish-water beds are found on this 
horizon at the other end of the hill. 
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these beds at all the typical localities*. Quite apart from the 
evidence afforded by the equivalent strata of the Continent as to 
the relative positions of the beds which contain the Brockenhurst 
fauna and those belonging to the zone of Cerithiwm concavum, it 
seems to me that the theory of Messrs. Keeping and Tawney labours 
under insuperable difficulties. 

If the Colwell-Bay estuarine strata be not the fluvio-marine 
representatives of the Brockenhurst series, then it must be main- 
tained that the last-mentioned series, which is so well represented 
both at Whitecliff Bay and in the New Forest, has altogether 
thinned out and disappeared from the sections of the west end of 
the Isle of Wight, or that the marine beds are represented by 
others of purely freshwater character. ‘This appears to be the view 
adopted by Messrs. Keeping and Tawney. I believe, however, that 
the interpretation which I have given is the one which best accords 
with the facts of the case; and it has the additional merit of bringing 
our own series of strata into perfect harmony with the succession 
made out by the labours of continental observers with respect to the 
equivalent deposits in France, Belgium, and Northern Germany. 


LV. Conclusion. 


The Lower Tongrian, as is well known, has no marine repre- 
sentative in the Paris basin, the great freshwater gypseous series 
occurring on this horizon ; but in the small basin of the Cotentin, as 
M. G. Dollfus has so well shown, the Lower Tongrian or Brocken- 
hurst series is represented by the ‘‘ argile a Corbules” 7. 

The Headon series, including both the sands and overlying 
clays, contains a fauna which, by Hébert, Sandberger, Mayer, and 
other authors, has been recognized under the name of the zone of 
Cerithium concavum. The Brockenhurst series contains a fauna 
which has been quite as universally recognized as agreeing with that 
of the continental Tongrian or Lower Oligocene. 

Now, if my interpretation of the section be the true one, the beds 
containing the Tongrian fauna in the Hampshire basin overlie those 
containing the fauna of the zone of Cerithium concavum; and this 
is the relation which is believed to exist between their continental 
representatives. Most geologists, indeed, group the zone of Ceri- 
thium concavum with the Upper Eocene or Bartonian, and the repre- 
sentatives of our Brockenhurst series with the Lower Oligocene. 

But, according to the views of Messrs. Keeping and Tawney, the 
beds which in this country contain the Lower Oligocene fauna 


* T have pointed out that the several geological horizons in the Oligocene 
are characterized by different forms of Cerithiwm, just as different zones in the 
Mesozoic rocks are characterized by different species of Ammonites. My critics 
take the same exception to my views as has been urged by those who oppose 
the zonal classification of the Jurassic rocks: they assert that C. concavum is 
occasionally found at higher horizons than the zone of C. concavum. While 
C. concavum occurs in prodigious abundance in the Headon clays and sands, it 
is exceedingly rare at Colwell Bay, and altogether absent at Whitecliff Bay and 
the New Forest localities. 

t Mém. Soc. Géol. de Normandie, 1880, p. 510. 
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form a thin and very inconstant bed in the midst of the strata con - 
taining the fossils of the zone of Cerithiwm concavum. 

At Whitecliff Bay, where the order of succession is clearly 
exhibited, the brackish-water bands containing the fossils of the 
zone of Cerithiwm concavum are absent, but the Brockenhurst beds 
are well displayed and of considerable thickness. At Headon Hill 
the zone of Cerithiwm concavum 1s well seen, but the Brockenhurst 
beds seem to be altogether wanting. At Colwell Bay there occurs 
a series of beds which I take to be the estuarine representative of 
the Brockenhurst series, but which my critics declare to be only 
the zone of Cerithium coneavum with a somewhat more marine 
character. 

However this subsidiary question may be settled, I do not believe 
that the main facts of the correlation which I advocate are in any 
danger of being impaired. My critics have altogether failed to show 
that, at any point in the Hampshire basin, beds containing the charac- 
teristic fauna of the zone of Cerithium concavum overlie beds contain- 
ing the Brockenhurst fauna; and on the Continent the latter are 
always superimposed upon theformer. My critics hold that between 
the New Forest localities and those at the west end of the Isle of 
Wight the Brockenhurst beds have thinned away or passed into 
freshwater deposits; my contention is, that they appear in an es- 
tuarine form at Colwell Bay, and thin out or graduate into fresh- 
water deposits between that place and Headon Hill. 

In conclusion, I must point out that the vexed question of the order 
of succession of the beds at Colwell Bay and Headon Hill has only 
an indirect bearing on that of the position and correlation of the Oli- 
gocene strata of the Hampshire basin, which it was the main object 
of my paper to establish. If my interpretation be the correct one, then 
we havehere, as [ pointed out in my previous paper, an additional con- 
firmation of the succession so clearly established by the study of the 
Whitecliff-Bay section. But if, on the other hand, the views advo- 
cated by Messrs. Keeping and Tawney be adopted, it adds no 
support to their views as to the position of the Brockenhurst beds ; 
for these authors admit that nothing like the Brockenhurst beds can 
be detected either in the Colwell-Bay or Headon-Hill section. 

I still firmly maintain the necessity of separating these beds from 
the Upper Eocene, with which they are usually grouped by English 
authors. The Hempstead series of the Isle of Wight is the 
undoubted representative of the Fontainebleau sandstones, a forma- 
tion which no continental geologist would think of grouping in the 
Eocene. Either with Lyell and Hébert we must place the Hemp- 
stead beds in the Lower Miocene, or we must admit the term Oligo- 
cene aS a convenient and now well-recognized name for these 
deposits which are intermediate in age between the Eocene and 
Miocene. Nothing could possibly be more detrimental to the 
progress of geological science than to attempt to perpetuate the use of 
the term Eocene in a sense quite distinct from that in which it is 


employed by all other geologists, alike in France, Belgium, Germany, 
Switzerland, and Italy. 
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Discusston. 


Prof. Prestwicu said he had listened with great interest to the 
paper concerning this most difficult subject. Over the whole area 
only two zones were well marked, that of the London and that of 
the Barton Clay. The Brackiesham beds, on the other hand, were 
clear in the Whitecliff section, but were not indicated by fossils in 
the Alum-Bay sections. Further west still, about Poole, Bourne- 
mouth, &c., the beds became still more sandy, and more difficult of 
correlation. So, again, in the London basin, where, perhaps, we 
had nothing above the Bracklesham series. In all the fluvio-marine 
series there were great variations. Still he felt some difficulty in 
accepting the explanation offered by Prof. Judd. One thing was that 
the author failed to point out on the same horizon in Headon Hill any 
marine beds corresponding with the Colwell-Bay beds. At the same 
time he admitted that the variation of the beds rendered identifi- 
cation very difficult. 

Mr. J. Srarxie Garpnzer said that Mr. Monckton, in the neigh- 
bourhood of Wellington College, had got good Bracklesham forms in 
the green beds, and in the white sands above had found true 
Barton forms. He asked why the beds marked 20 in the section 
were classified with the Headon. He had recently trenched on 
Headon Hill from the Bembridge Limestone to the Upper Headon 
limestone, but had found no fluviomarine deposits. 

Mr. Tawney said that he would not delay over matters of classi- 
fication ; for the question of the adoption or not of the term Oligocene 
was one that it might be hoped would be settled by the Interna- 
tional Congress of Geology. Among all the beds exposed in the 
section exhibited at Whitecliff Bay he would only refer to those 
between the Upper Bagshot Sands and the Osborne series. With 
regard to his late paper in the Proceedings of the Cambridge Philo- 
sophical Society, the point raised was that the fossils of the said 
sands at Hordwell allied them to the Barton beds more nearly than 
to the Headon. So far as he understood Prof. Judd’s communica- 
tion, it was a reiteration of his former paper; and as no new facts 
were adduced, he would answer with no new arguments, and must 
apologize for repeating what has already appeared in the ‘Journal’ of 
the Society. He had shown, like previous observers, that the 
Brockenhurst fossils only occurred at the base of the Middle Headon; 
both at Whitecliff Bay and in the New Forest they lie immediately 
on the freshwater Lower Headon. He had not made four new series, 
but three zones were discriminated as subdivisions of the Middle 
Headon at Whitecliff. The characteristic Brockenhurst fossils did 
not pass up into the upper zone at Whitecliff; nor did they occur at 
all at Colwell Bay, the Brockenhurst zone being entirely absent 
there. Above the Middle Headon at Whitecliff came the freshwater 
Upper Headon, precisely as in the New Forest, Colwell Bay, and 
Headon Hill, and then the Osborne beds. ‘These series were “easily 
identifiable by their fossils. 

Passing to the wset end of the Isle of Wight, he must repeat that 
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it has been shown that Cerithium concavum occurred at Colwell 
Bay; and in all its other fossils the marine bed there was identical 
with the Middle Headon of Headon Hill, and which was no “ su- 
perstition.” Touching the physical evidence, the Colwell-Bay bed 
could be followed with the eye as absolutely continuous up to 
Weston Chine; it was therefore waste of time to talk of the varia- 
tions of this bed in Colwell Bay as proving any thing; the only 
place where it was not perfectly continuous was between Weston 
and Widdick Chines ; but the beds below, viz. the Warden sands and 
certain Chara-beds, could be shown to be continuous; and so the 
series was continued on into that of Headon Hill without any diffi- 
culty. He considered it a very elementary problem in geology. It 
has been previously shown that Prof. Judd has misplaced the posi- 
tion of the C. concavuim beds under Heatherwood Cottage, and has 
added over 100 feet here by counting part of thé series twice. 
Moreover, if the Colwell-Bay bed existed higher up in Headon Hill, 
as Prof. Judd stated, it ought to be found; but in the position indi- 
cated quite other and freshwater beds existed. The speaker main- 
tained all that had been printed in the paper referred to, and felt 
convinced that the orthodox view was correct. 

Mr. Borr asked what came in between the two series. The argu- 
ment of the alteration cut both ways. The beds, after changing 
for a while, might return to their former condition. 

Mr. Kererrye said that the correlation of the Bracklesham beds 
at Whitecliff Bay, Stubbington, and Selsea Bill was certainly correct, 
and in the New Forest probably so. There could be no doubt about 
the correlation of the Middle Headon beds at Hordwell, Colwell 
Bay, and Whitecliff Bay. The zone of Voluta geminata was some 
20 feet thick above the Brockenhurst zone. He regarded the 
Upper Headon as a truly lacustrine series, never having found any 
marine fossils in it; nor had he done so in the Lower; but in the 
Middle Headon freshwater forms were mixed with marine. He 
thought that the Geological Survey would be found to be correct in 
their reading. 

Mr. Warrs said that he had searched very carefully above the 
Upper Headon limestone, and had found no marine beds, and could 
more readily understand that the former bed had thinned rather than 
that the Middle Headon group of the latter character should have 
disappeared. 

Prof. Jupp was glad to find that Prof. Prestwich agreed with him 
as to the variability of the fluvio-marine series, and also as to the 
main facts of the classification of the Oligocene strata. As regarded 
one point remarked on, viz. the absence of the Colwell-Bay marine, 
bed in Headon Hill, he had indicated that by the time it had reached 
Totland-Bay brickyard it had become reduced as a marine band to a 
bed not 18 inches thick. These brackish-water bands thinned out 
very rapidly. Hence it was very probable that the bed had died out 
before reaching Headon Hill. As regards the Cerithia, he had not 
been able in Whitecliff Bay to find C. concavum in the series he had 
called Brockenhurst. His opponents rested their case on the identity 
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of zones of fossils in Colwell Bay and Headon Hill; but he had 
shown that these beds when traced towards Totland Bay varied 
greatly. It was vain to talk of the work of Prof. Forbes. No one 
respected Edward Forbes more than he did; but many facts were 
before us now which were not before that most eminent geologist. - 
If Messrs. Tawney and Keeping were right, the foreign geologists 
were wrong. He, however, inclined to think that it was possible to 
interpret the English section so as to agree with their reading. 


Q.J.G.8. No. 152. 21 
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46. On Oreantc Remains from the Upper Purmran Srrata of 
KarcGabinsk, 72 Eastern Russta. By W. H. Twetverress, 
Esq., F.L.S., F.G.8. (Read June 21, 1882.) 


[Puates XX., XXT.] 


Tue cupriferous sandstones composing the Kargalinsk steppe, or 
steppe of Kargala, to the N. of Orenburg, lie out of the ordinary 


track of travellers, but offer an interesting field for research. The 


railway now takes us as far as the town of Orenburg, whence a drive 
of thirty or forty miles leads into the heart of the important mining 
district to which I now propose to invite your attention. The 
doubts thrown on the Permian age of these strata in the discussion 
upon my former paper induce me to submit a few remarks bearing 
upon the question. 

The country is a grassy, treeless, undulating steppe, covered 
superficially with the well-known black earth, or tchernozem, con- 
sidered by Murchison to be of marine origin. The balance of evi- 
dence, however, is in favour of it being a vegetable mould. Sluggish 
meandering streams intersect the steppe. The exposures of the 
subsoil on the banks of streams and ravines show nothing beyond 
red marl or sandstone devoid of fossils. The mine-borings and 
shafts cut down through red, yellow, and grey sandstones, and red 
and white marls, fossiliferous wherever the beds of copper ore 
exist. 

' The key to the geological horizon of these mines is found by 
travelling in an easterly direction. We need not go so far as the 
Carboniferous Limestone and Upper Grits of the same system, which 
form the western edge of the crystalline rocks of the Urals; nor is 
it necessary. to traverse the ninety miles of Lower Permian con- 
glomerates and sandstones forming the hilly country between the 
Carboniferous and Magnesian Limestone outcrops (fig. 1). On the 
eastern border of the Kargalinsk steppe there are two protrusions of 
limestone with Terebratula elongata, Lo«onema, &c., which throw off 
the Kargala cupriferous sands east and west. The most westerly 
of these two anticlinals, divided at Jeemangoolova by the post-road 
from Orenburg to Ufa,-sinks to the west under the main mass of 
the strata of Kargalinsk, and does not appear again on this parallel. 
A reference to Murchison’s map will show that this limestone out- 
crop runs roughly N.W. and 8.E.; and I do not believe that there 
is much, if any, Upper Permian behind it. About fifteen miles 
further south it is well exposed near Sakmarsk, a Cossack town 
twenty-five versts from Orenburg. It here appears in several 
peaks or elevations, the principal of which are known as the Great 
and Little Grebeni. The Grebeni limestone is plentifully charged 
with characteristic Permian fossils, viz. :— 
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Fig. 1.—General Section from the Volga to the Ural. (Length about 400 miles.) 
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a, Carboniferous. c. Upper Permian. 
b. Zechstein. d, Lower Permian. 


Ural Mountains. 
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e. Devonian. 
f. Silurian. 


Fig. 2.—Section of the Kargalinsk Steppe. (Length 40 miles.) 


Red marls and sandstones. 


1, 2,4. Dark Red Sandstones. 

3. Red Sandstone with some Limestone. 
5. Red Sandstone with clay breccia. 

6. Hard Sandstone, 10. Zechstein. 


7. Grey limestone, slightly cupriferous. 
8. Red Sandstone. 
9. Yellow Sandstone, flaggy. 
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Ural river. 
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Schizodus rossicus. 
Cyathocrinus ramosus. 
Nautilus Freieslebeni. 
Clidophorus Pallasi. 
Avicula speluncaria. 
Spirifera alata ? 
Loxonema, sp. 
Productus ? 


- Fenestella retiformis. 
Avicula sericea. 
Strophalosia horrescens. 
Murchisonia, sp. 
Arca, sp. 
Terebratula elongata. 
Gervillia ceratophaga, Schl. . 


ee ee 


A thin band of marl lies immediately below this limestone and 
upon barren red sandstone of the Lower Permian. This band 
may be taken as the equivalent of the Kupferschiefer. It contains 
a few fossils undistinguishable from some in the limestone, viz. 
Terebratula elongata, Schizodus rossicus, Clidophorus Pallasi, Area, 
and a few obscure vegetable remains ; it is slightly cupriferous. 

The limestone again appears to the west of Orenburg. The Majak 
quarries, four versts N.W. of the town, show it dipping at a gentle 
angle, and appearing to pass under Orenburg, which would then be 
on Upper Permian. The thick terraces of red sandstone and clay 
exposed on the high bank of the river Ural, upon which the town is 
built, are unfossiliferous. A- boring made in the town in 1841 
registered alternate beds of red and grey sandstones and red clay 
or marl to a depth of 1366 feet. It is difficult to explain the 
absence of the Zechstein limestone in this boring upon any other 
hypothesis than that of itsinconstancy. It is just possible, however, 
that the whole series belongs to the Lower Permian. 

Further north the limestone hills appear at Bikoolova, Kitayam, 
&e. At Slonofka and Jemati (near Darghina) its bedding is nearly 
horizontal. It runs presumably under the superincumbent sands 
as far west as Samara, on the Volga, where it forms the cliffs of 
that river and of the Samara stream. From these cliffs I obtained 
Lowonema, sp., and Pleurotomaria, sp. 

The wide-spread upper sandstones (fig. 2) rest in apparent con- 
formity upon the Zechstein limestone, which in the places just named, 
and at other spots further N.W.,is revealed by upheaval or laid bare 
by denudation. Fig. 3 is a vertical section, taken from: no particular 
spot, but typical of the whole. 

Although the reappearance of the Zechstein limestone at Samara 
would indicate its continuity beneath the intermediate part of the 
basin, yet further north it loses its monad character, and alternates 
with marls, which are variable and inconstant on the same horizon 
and in the same district; at the same time the limestone itself 
assumes a less calcareous and more earthy aspect. Without caution, 
mistaken opinions may be formed as to beds being above or below 
the limestone, when in reality they may be intercalated; but at 
Kargalinsk there is more uniformity in the principal divisions of 
the system. When we leave the limestone behind us we do not 
find it again. 

The preceding remarks are not intended as a sketch of the 
geology of the country, but are simply such preliminary observations 
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as seem necessary to a general knowledge of the district whence 
the fossils cited hereafter have been derived *. 


It will be desirable to take note of the labours of others. The 
earliest writer I can discover is Kutorga, who in 1838, in his 
‘ Beitrag zur Kenntniss der organischen Ueberreste des Kupfer- 
sandsteins am westlichen Abhange des Urals,’ described some plant- 
remains from the Permian steppe to the north of Kargala, as well as 
reptilian teeth and humeri, assumed by him to be mammalian, from 
undetermined localities in the governments of Orenburg and Perm. 


Fig. 3.—Diagram Ve ertical Section of the Upper Permians 
of Kargalinsk. 


sees ---- Black earth. 


----Red clay or marl. 


~ Red sandstone and mari. 


Rrancwna 
seerets|-- Grey sandstone. 
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+-- Yellow sandstone. 
=| Copper-ore bed. 


ssa Yellow and grey sandstone. 
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-—-- Red marl. 


In 1840 and 1842, Wangenheim von Qualen transmitted remains 
to Moscow from the steppe north of Kargala, which were noticed by 
Fischer de Waldheim in the ‘ Bulletins’ of the Imperial Society of 
Naturalists of Moscow for those years. 

In 1842 and 1844 Kutorga described some more of Qualen’s 
fossils from the Bielebee steppe. His two papers are entitled 
‘ Beitrag,” and “2 Beitrag zur Paleontologie Russlands,” and 


* Mr. Thos. Rickard is preparing a detailed description of the geology of the 
district, which I hope he will intrust to me to communicate to the Society. 
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appeared in the ‘ Proceedings’ of the Imperial Mineralogical Society 
at St. Petersburg for the two years named. 

In 1842 Wangenheim von Qualen contributed a paper to the 
‘Proceedings’ of the same Society, on the geological characters of 
the government of Orenburg, in which he maintained that the infra- 
conglomerate sandstone of the Klutchefsky mine, fifty versts south- 
west of Sterlitamak, which furnished Rhopalodon Wangenheime and 
other Saurian remains, is Zechstein and Kupferschiefer. This is an 
erroneous conclusion; for the Klutchefsky sandstones are superior 
to the Magnesian Limestone. I have nowhere found or traced 
Rhopalodon, or any other reptilian remains in Russia, below the 
Upper Permian series of sandstones. 

In 1848, the same author wrote* a more detailed memoir on the 
stratigraphy of the western part of the government of Orenburg, 
adopting a tripartite division of the Permian system here:—1l. The 
lower group of limestones, cupriferous marls, and sandstones; in 
this he included the Klutchefskoi beds, which, as just mentioned, 
really belong to the Upper Permian series; 2. A middle group of 
marls, sandstones, and limestone with zechstein fossils; 3. A thin 
upper series of tufaceous limestone and white marls. The errors 
involved in the classification of the lower group have been widely 
circulated ; and any light which can be thrown upon the question 
will be useful. 

In 1844 he again wrote on the copper ores of the Orenburg 


government 7. He was a zealous field-geologist, and his deserip-- 


tions are full of interest to those acquainted with the districts he 
describes; but it would be hazardous to accept his judgment upon 
any crucial question of stratigraphy or paleontological classification. 

In 1841 Count Keyserling writes (Bull. Soc. Mose. 1841, p. 894): 
—‘ The examination of this great red formation is, on account of 
want of fossils, extremely difficult: great trunks of trees are the 
only petrefaction which we have received from it.” 

In 1845 Sir Roderick Murchison, in the ‘Geology of Russia and 
the Ural Mountains,’ described the Permian system of Russia, and 
noticed this region in particular. He paid a visit to the Kargalinsk 
mines, as appears from the following remarks in the work just 
alluded to (vol. 1. p. 148):— 

‘* In following this section a little to the west, the next suc- 
ceeding beds are found to be composed of red siliceous conglomerate, 
slightly dipping off at first, but soon becoming horizontal, in which 
copper ore being largely disseminated has given rise to the mines of 
Kargalinsk. As i in other places where copper ore abounds, fossil 
trees and plants are also of frequent occurrence; and although at 
the time of our visit we were not so fortunate as to procure them, 
this spot has also afforded many remains of fishes (Paleoniscz), with 
bones of Saurians” &e. 

In 1848 Eichwald wrote a memoir, ‘“‘ Ueber die Saurier des kup- 
ferfiihrenden Zechsteins Russlands,” viz. Rhopalodon, Deuterosawrus 


* Verhandl. min. Ges. St. Petersb. 1845, pp. 1-58. 
tT Ibid. 1844, pp. 31-61. 
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and .Zygosaurus. This appeared in the Moscow Society’s Bulletin 
for that year (Part 1. pp. 136-202).. 

In the same year Wangenheim yon Qualen wrote a further paper, 
“ Beitriige und fectiee eee zu den geologischen Verhiiltnissen des . 
Orenburgischen Gouvernements,” &c. (See the Moscow Bulletin 
1848, Part 1. pp. 372-441). 

In 1862 he wrote “ Einige Bemerkungen iiber die geologischen 
Beobachtungen in Russland inshesondere im Ural von R. Ludwig,”’ 
in which he contests Ludwig’s statement of the existence of Trias 
in Northern and Central Russia. (See Mose. Bull. 1862, Part i. 
pp. 608-627.) 

In 1864 he again wrote on Marcow’s ‘ Dyas et Trias (en Russie),’ 
deprecating that author’s description of the cupriferous marls and 
sandstones of Orenburg and Bielebee as Bunter. (See Mosc. Bull. 
1864, Part 1. PP. 172-189. ) 

Ludwig, in ‘ Geinitz’s Dyas,’ describes the Russian Permian at 
some length. ae of the Kargalinsk sandstones (vol. i. p. 300), 
he suggests that “it is not Dae from Murchison’s description, 
whether the cupriferous-sand ores of Kargalinsk, in which silicified 
wood, plant-impressions, Palcwoniscus, and bones of Saurians are 
found, belong to the Rothliegende or to the beds which, at Nijni 
Troitsk, overlie the Upper Zechstein.” Referring to the Russian Per- 
mian as a whole, he says (p. 304) “ the upper fluviatile or lacustrine 
group, with Uniones, plants, and bones of Saurians, must in the 
interim be placed somewhere between the Paleozoic and Mesozoic 
formations, or as comparable with the Vogesen-Sandstone of Sulz- 

bach.” 
_ Godppert describes some of the plant-remains in his ‘ Fossil Flora 
of the Permian system.’ 

The difficulty of correlating the organic remains with Permian 
forms of Western Europe consists in the circumstance that for the 
most part they are specifically distinct, and in some cases generically 
so. The latest and most complete list I have been able to verify is 
as follows :-— 


Cardiopteris Kutorge, Trautsch,= Calamites leioderma, Guzb. 
Aroides crassispatha, Kut. Unio umbonatus, Fisch. 
Walchia biarmica (Hichw.). Platyops Rickardi, Tw.,a Labyrintho- 
Walchia piniformis, Sternd. dont. 
Lepidodendron. Rhopalodon Wangen- _ )\ 
Schizodendron tuberculatum, Hichw. heimii, Fisch., | Pheri 
Anomorrheea Fischeri, Kichw. Cliorhizodon or enburgen- b do ong 
Caulopteris ? sis, Zw., an 
Calamites infractus, Gu7zb. Deuterosaurus, 
Suckowi, Brongn. . Various labyrinthodont and reptilian 
gigas, Brongn. remains. 


As regards the flora the list has a Paleozoic aspect, but a 
Secondary one as respects the reptilian remains. It may be that the 
survival of the older and more persistent forms should count for less 
than the appearance of the new ones. On the other hand the 
genetic history of the reptilia may need pushing back a stage 
further in time. 
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CarpiopTERIs Kurorem, Trautschold, = Aroides crassispatha, 
Kutorga. 


Kutorga, in 1838, attributed these leaves to an Aroid plant. 
Kichwald (Leth. Ross. 1. p. 253, tab. xii. figs. 1, 3, tab. xvii. fig. 2) 
referred the bud to Neggerathia Geppertr, “ gemma ovalis e foliis 
convolutis ovatis flabellatim nervosis composita.” Goppert (Foss. 
Flora d. perm. Format. pp. 154, 157, tab. lx. figs. 1, 2) thought 
the bud belonged to the Musacez, and the leaf to Naggerathia. 
Dr. Trautschold has pointed out to me that the reference to Musacee 
cannot be correct, as a midrib is not present. 

Schimper (Traité de Pal. Vég. tome i. p. 180) says that an isolated 
leaf given him by Hichwald recalls certain leaves of the genus Pyc- 
nophyllum, Brongn. The venation of Pycnophyllum, however, is 
much finer and closer, besides being parallel. Further on (p. 506) 
Schimper treats Avroides crassispatha, Kut., as synonymous with 
Paleospathe aroidea, Ung., ‘* spatha ovato-lanceolata, marginibus 
convolutis, coriacea, longitudinaliter striata, tres pollices longa 


(Ung. Gen. et Spec. 334)”, and locates these leaves under floral | 


organs, although with a certain degree of hesitation; for he says 
(p. 505) “les organes foliaires problématiques réunis dans ce genre 
ressemblent assez aux spathes de certaines Monocotylédonées, surtout 
des Palmiers, pour leur étre comparés.’ 

Recently Dr. Trautschold (Bull. Mosc. 1881, Part ii. pp. 122-124) 
has determined it as a Cardiopteris, and given it the specific name 
Kutorge. It is true that in the venation and appearance of the leat 
it agrees with that genus; but surely the imbricated bud docs not 
accord with the circinate vernation of ferns. Trautschold’s figures 
are admirable representations of the leaf. A very interesting cir- 
cumstance connected with the occurrence of this leaf is that it is also 
found in the Lower Permian sandstone in the forest of Voskresensk, 
about 2 miles west of that village. 


ScHIZODENDRON TUBERCULATUM, Eichwald, Leth. Ross. p. 266, pl. xviii. 
fig. 10. Plate XX. fig. 1. 


This was treated by Eichwald as a Monocotyledon. Schimper 
cites Eichwald’s genera Stigmatodendron, Angiodendron, and Schi- 
zodendron, under “Lylodendr on, Weiss, as ‘‘truncus incertee sedis ” 
belonging ‘to the Coniferse (tome iil. p. 576). Godppert (Foss. Flora, 
p- 139) compares this species with certain decorticated forms of 
Lepidodendron. IL think it may prove to be a Lepidodendroid or 
Sigillarian root. The medulla has disappeared, and its place is 
occupied by sandstone; and none but extremely slight traces of any 
ligneous zone are observable. Exteriorly (on one side) are longi- 
tudinal ribs and furrows, the former mounted with tubercles. 
Fragments of a gnarled epidermal layer are preserved, but do not 
exhibit any areole as in Stigmaria, nor do the projecting tubercles 
present the central raised ball shown in Halonia. Deprived of the 
epidermis, the root is ribbed and furrowed pretty regularly. I have 
seen a piece of Lepidodendron from these mines ; but, unfortunately, 
it is now out of reach. 
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The tubercles of this specimen are more numerous as the termi-. 
nation is approached, favouring the idea of rootlets issuing from those 
points, though I cannot say whether these tubercles had their seat 
only in the epidermis or were continuous with the ligneous cylinder 
and medulla. 

Eichwald’s specimen was from the Cupriferous Sandstone near 
Bielebee, doubtless the same horizon as that of Kargalinsk. 


Watcuia BraRMIca (Hichw.), Schimper, ‘Traité de Paléontologie 
végétale,’ 1870-72, tome ii. p. 239. Plate XXI. fig. 3. 


In 1844 Kutorga described (“ Zweiter Beitrag zur Paliontologie 
Russlands,” in the Verhandlungen der Russ. kais. min. Gesellsch. zu 
St. Petersburg, pp. 65-66, t. 1. figs. 1-4) some twigs from the Kar- 
galinsk mines, which he atiributed to Voltzia brevifolia, Brongn. 
Brongniart, however, in a letter to De Verneuil (Geol. Russia, vol. i. 
pp. 503, 504), was of opinion that Kutorga’s figure rather resem- 
bled twigs of Walchia, and that at any rate the specimens were 
too imperfect to be placed with certainty in the genus Voltzva. 

EKichwald, in his Leth. Rossica (p. 229, pl. xix. figs. 2 & 3, 1855 
-1861), also repudiated Kutorga’s determination, and described the 
twigs as Ullmannia biarmica and U. Bronnit. The specimen I 
here submit is identical with his U. biarmica; even the appendages 
which he calls bracts or flowers are present. He states the locality 
as near Kargala, in the Bielebee district, while Kutorga gives it 
as the Kargala mine, in the Orenburg district,—a further instance 
of the confusion constantly occurring between these two places. 

Geinitz, in his ‘ Leitpflanzen des Rothliegenden u. des Zech- 
steingebirges oder der permischen Formation in Sachsen,’ 1858, p. 23 
(and in his ‘ Dyas,’ vol. 1. p. 156), includes Kutorga’s Voltzia bre- 
vifolia among the synonyms of Ullmannia sclaginoides, Brongn. 

The next mention I find of the Orenburg species is In a paper 
by Dr. Ch. Ernst Weiss, of Saarbriicken, entitled “Ueber Voltzva 
und andere Pflanzen des bunten Sandsteins zwischen der untern 
Saar u. dem Rheine,” where he cites its locality, among others, as 
needing verification, and recommends examination by those who 
have facilities for doing so. 

Géppert, in 1864-65 (‘ Paleeontographica,’ ‘‘ Die fossile Flora der 
permischen Formation”) remarks that Kutorga’s figures 1-3 could 
refer just as well to a species of Walchia; only fig. 4 reminds one of 
Voltzia. As for Ullmannia biarmica, Goppert considers it more re- 
lated to Walchia than Ullmannia, and is strengthened in his opinion 
by an original example received from Wangenheim von Qualen. 

The latest opinion, and the one I adopt, is by Schimper (op. cit. 
p. 239), who treats Hichwald’s Ullmannia biarmica as a Walchia, 
viz. W. biarmica. At the same time I may mention that I have 
seen in the collection of the Mining Institute, St. Petersburg, an 
undoubted Ullmannia from the Orenburg or Bielebee Permian. 

The presence of a midrib in the leaves may be inferred from the 
specimen now exhibited; and some faint markings indicate parallel 
venation. This mainly influences me in rejecting the Voltzia deter- 
mination. 
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WaALcHIA PINIFoRMIs, Sternberg, Fl. d Vorw. i. p.22. Plate XXI. 
figs. 4, 5. 


Watcura Fotrosa, Kichwald, Leth. Ross. 1. p. 235 t. xix. f. 1. 


These twigs are of common occurrence in the ore. ‘They are found 
not so frequently in the sandstone as in the laminated marls, in which 
thin layers are almost entirely made up of vegetable remains in a 
confused state. It is not, I believe, a case of growth and decay in 
situ, but seems to be rather the result of drifting on some lake- or 
river-shore of the plants growing not far distant. Large coniferous 
trunks met with in the ore-beds are, | am informed, always rootless 
and branchless, and lie with their axes in the direction of the ore- 
stream. ‘The inference‘is that they are drift timber. 

Eichwald cites Walchia lycopodiordes (Brongn.) and Walchia folriosa 
from the Orenburg Permian; but, with the inexactness which often 
confronts us in his writings on this district, as well as in those of Ku- 
torga and Wangenheim von Qualen, he gives the habitat of the latter 
plant as “dans le grés cuivreux, groupe inférieur du Zechstein dans 
le gouvernement d’Orenbourg.” All the Orenburg Walchia speci- 
mens which I have seen have been derived from the upper marls and 
sandstones. Hichwald regarded his W. foliosa as a small annual (!); 
but Schimper and Goppert speak doubtfully of the determination. 

Dr. Trautschold (Bull. Moscou, 1880, iii. p. 124) would prefer to 
eall it Lycopodites foliosus, considering the flexible stems and leaves 
as agreeing more with the Lycopodiacee than the Conifere. 

I have specimens showing a considerable amount of flexibility, and 
others very rigid and straight ; but as there are intermediate forms, I 
do not venture to separate the two extremes. As for the separation 
of W. foliosa from W. piniformis, I am not in possession of sufficient 
material for guiding me; and, so far as I can see, Kichwald was in 
the same predicament. 


AnoMoRRH@A FiscHERt, Eichwald, Leth. Ross. vol. i. p. 102, pl. iv. 
figs, 3-4. } 
This is classed by Schimper among the ferns, and as perhaps not 
different from Chelepteris, Corda. Eichwald’s specimen was derived 
from the Klutchefskoi mine ; and I have seen one from the mines of 
Kargalinsk. 


Catamites InFractus, Gutbier. Plate XX. fig. 2. 


This is the most common species. A young stem figured by Geinitz 
(Dyas, pl. xxv. fig. 4.) corresponds very well with many specimens 
from this district. Hichwald’s C. arenaceus (pl. xiv. fig. 1.) is nothing 
other than C. infractus. According to Fischer (Bull. Mosc. 1847, 
xx. p. 513.) a Calamite derived from the Ivanoffsky mine belonged to 
Cal. arenarius, Brongn. No figure is given, and possibly it was the 
present species. The specimens in the Museum of the Mining In- 
stitute in St. Petersburg identical with mine are labelled C. mfractus. 
It is singular that Murchison did not come across it on his visit to 
the Kargalinsk mines, as its fragments are less difficult to find than 
those of any of the other species. 
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CALAMITES LEIODERMA, Gutbier. Plate XXI. fig. 1. 


The ribs are somewhat broader than in Gutbier’s type; but the 
length of internode and apparently thin texture suggest (somewhat 
doubtfully) that it may be the same. 


Caxtamires Suckowi1, Brongniart. Plate XX. fig. 3. 


This is not abundant at Kargalinsk, yet by no means rare. 

Other Calamites quoted from the Orenburg Permian are C. coluinelia, 
Kutorga (West-Ural cupriferous sandstone), C. Sternbergu, Eichwald 
(cupriterous sandstone of Kargala,in Orenburg government), C.(Hqui- 
setites) gradatus, Kichwald (Klutchefskoi mine, cistrict of Bielebee), 
C. (Equisetites) distans, Kichwald (Kargala), C. (Equisetites) decoratus, 
Eichwald (locality doubtful), and C. gigas, Brongniart (from the 
Permian cupriferous sandstone of Pyskorsk, Orenburg). I have seen 
a specimen of C. gigas from Kargalinsk, but have not been able to 
verify the other species. 


Unto castor, Eichwald, Leth. Ross. p. 1003, pl. xxxix. f. 20. 


Unio umzonatus, Fischer, De Vern. Geol. Russ. vol. 11. p. 306, pl. xix. 
PeitO, Plate XXI. figs. 7,8: 


Some confusion exists with respect to these shells. Hichwald 
dissents from De Verneuil’s determination, and at page 1002 of his 
work, pl. xxxix. f. 21, describes a different form as Unio umbonatus, 
assuring us that his drawing is from the original specimen of Fischer. 
EHichwald’s U. wumbonatus is identical with an unnamed Unio described 
and figured by Kutorga*, and stated by him to occur as casts of very 
varying size, in a bluish-grey marl, in which Wangenheim v. Qualen 
says Paleonscus Tscheffkint, Fischer, is found. Hichwald gives the 
locality of U. wmbonatus as the clay of the cupriferous sandstone of 
Kargala in the government of Orenburg. Whether this is the 
Permian of the Kargala in the Bielebee district, or of the Kargala 
near the town of Orenburg, is not clear. I have not seen his shell 
in the Kargalinsk mining-centre. 

Unio castor, described by Hichwald (p. 1003) as occurring in the 
clay schists of the Magnesian Limestone of Bourakova, in the govern- 
ment of Kazan, associated with Cyprinide and Posidonomya, is the 
sole form of mollusk found in the Kargalinsk mines, and is, in places, 
very abundant. } 

With a view to extricate the shell from the confusion of its double 
name, I applied to Dr. Trautschold; and he replied to me as follows :-— 
“Tf Kichwald, as he says, prepared his drawing from Fischer’s ori- 
ginal specimen, of course his Unio wnbonatus isthe genuine one, and De 
Verneuil would bein error. De Verneuil says that he shares Fischer’s 
opinion respecting the location of the shell in the genus Unio; but he 
does not state whether Fischer saw his Unio. . To be sure, Eichwald 
is not very trustworthy ; but it is now probably impossible to prove 
whether his drawing was really made after Fischer’s original or not.” 


* “Beitrag zur Palaontologie Russlands,” Verhandl. d. mineral. Gesell. zu St. 
Petersburg, 1842, p. 27, pl. vi. f. 4. 
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The question is therefore left where I found it. Being merely a 
matter of nomenclature, it is comparatively unimportant. 

When Mr. Rickard and I were travelling together in the govern- 
ment of Simbirsk in the summer of 1879, we saw hanging in the 
public library of the town of Simbirsk, on the Volga, a geological chart 
entitled ‘ Jasikofi’s Table of the Rocks of the Government of Sim- 
birsk, published by the Imperial Mineralogical Society of St. Peters- 
burg.” In this aper¢u of the relations of the rocks of Simbirsk and 
neighbouring governments the Trias was represented as occurring 
in the government of Orenburg (Ufa), on the banks of the rivers 
Sheshma, Koochooa, Zaee and Igenee, in the form of variegated 
sandstones of a thickness approximately estimated at 200 feet, and 
containing the following fossils—Oypris Pyrrhe, Eichwald, Mytilus 
castor, Kichwald, Convallarites erecta, Brongn., Pterophyllum, Neu- 
ropteris, Ch yclopteri as, Calamuites. 

Mytilus castor can be no other than our Kargalinsk Unio constr 
(=U. umbonatus); and this would seem to indicate that Jasikoff’s 
‘Triassic series is on the same horizon. On the other hand Conval- 
larites erecta=Schizoneura parado«w, Schimper, Traité de Paléontologie 


végétale, tome i. p. 282, pl. xiv., is a plant the branches and leaves. 


of which occur in the Bunter sandstone of the Vosges (“dans le grés 
bigarré supérieur des Vosges,” Schimp. p. 282). I have never seen 
or heard of it from the Kargalinsk series, and, having regard to the 


many infelicities in determination for which the early describers of. 


fossil remains from this field are responsible, I dare say no more than 
that the alleged discovery requires corroboration. Jasikoff has been 
dead many years; and I believe his Triassic theory has not gained 
much support in Russia. 

Fish-remains are found sometimes in the marls, but mostly as 
fragmentary impressions. Genera which I have positively identified 
are Paleoniscus, Amblypterus, and Platysomus in true heterocercal 
forms. 


Teeth and bones of Labyrinthodonts occur but rarely in a state 


satisfactory enough for description. The same may be said of the 
reptilian remains. Parts of jaws and teeth of Rhopalodon, Fischer, 
and Deuterosawrus, Eichwald, and humeri with entepicondylar 
foramina occur from time to time. The characters of these remains 
are those of Owen’s order Theriodontia. Whether such characters are 
really ordinal or merely of family value is, I take it, still sub judice. 
The value of the arguments pro and contra depends largely on indi- 
vidual estimate of what constitutes ordinal characters. I think Cope’s 
work in America will, when completed, greatly assistus i our con- 
clusions respecting Theriodonts. However, these Kargalinsk remains 
betoken reptiles of a high grade, and are especially interesting as 
coming from Permian rocks; for, whatever may be thought about 
the upper rocks further west, where perhaps there is (though not 


demonstrated) a passage upwards into the Trias, these remains are _ 


in beds well down in the sandstone series. If Triassic fossils are to 
be looked for in the Kargalinsk district, they should be sought at 
Droojeloobny, high up on the Obstschi Sirt, where horizontal beds 
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several hundred feet above the easterly mines indicate the removal 
by denudation of a corresponding thickness from the Roshdestvensky 
and Pravy mines, the undoubted homes of these highly organized 
reptiles. 

After considering all the facts I have been able to glean by personal 
inspection and from all sources of information known to me, I imagine 
that possibly some of the beds in the central part of what is known 
as the Permian basin may be passage-beds between the Permian and 
Trias, but that the series of Kargalinsk forms the uppermost beds of 
the Permian as here developed. I know it is often impossible to 
draw the line between the two systems; but at Kargalinsk I draw it 
over the beds containing Calamites gigas, infractus, and Suckowia, 
Cardiopteris Kutorge, Walchia pinifornis, Unio umbonatus, and the 
heterocercal fishes. We may be puzzled by the appearance of the 
higher forms of the cold-blooded vertebrates ; but the lower types of 
life are surely more reliable witnesses. Regarding the whole subject 
as worthy of the attention of English geologists, I have thought it 
advisable to lay the facts before the Society and leave them for 
interpretation. 


EXPLANATION OF THE PLATES. 


PLATE XX. 


Fig. 1. Schizodendron tuberculatum, Hichwald. 
2. Calamites infractus, Gutbier, typical specimen. 
3. Calamites Suckowti, Bronegniart. 


Prats XXI. 


Fig. 1. Calamites leoiderma, Gutbier. 
2. Calamites undetermined. 
3. Twig of Walchia biarmica (Hichwald). 
4, 5. Twigs of Walchia piniformis, Sternberg. 
6. Seed of a conifer. 
7, 8. Unio wnbonatus, Fischer. 


Discussion. 


Prof. Huenss asked if the Permian of Russia passed up uncon- 
formably and without any break into those beds which the author 
described as the passage-beds between Permian and Trias. 

Rey. A. Irvine said the Permian and Trias of Germany were stra- 
tigraphically conformable as well as those of Russia. He thought 
there was more than one Magnesian Limestone in the Russian 
Permians. . 

The Avuryor, in reply to Prof. Hughes, stated that there is no 
positive evidence of the existence of Trias in the district. The 
Upper and Lower Permian were clearly distinguished by certain 
features; and he did not agree with the opinion that there was a 
repetition of Magnesian Limestones. 
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47. On Curtostomatous Bryozoa from BATRNSDALE (GIPPSLAND). By 
ArtHur Wiii1aAm Waters, Esq., F.G.S. (Read June 21, 1882.) 


[Prats XXTI.] 


THE present communication must be considered a continuation of 
my papers on South-west Victorian Chilostomatous Bryozoa (Quart. 
Journ. Geol. Soc. vol. xxxvii. p. 309) and “On Chilostomatous 
Bryozoa from Mount Gambier” (Quart. Journ. Geol. Soc. xxxviii. 
p- 257). The collection was lent me by Mr. J. R. Y. Goldstein, who, 
J presume, collected them himself from Bairnsdale; and it contains 
several very interesting specimens, though, in consequence of the 
other two collections of the same age being first described, the 
number of species not previously known fossil from Australia is 
only 14 out of a total of 42. 

There are several species now found in the Hschara-form which 
are known in other places incrusting; and I must point out that 
the number of incrusting species in this collection is very small, 
though possibly this may depend to a certain extent on the circum- 
stances under which they were collected. Those who have followed 
these three papers on the Australian Bryozoa will have noticed in 
how many cases the same species is now known in different modes 
of growth: sometimes, as in Membranipora macrostoma, Cribrilina 
terminata, Mucronella mucronata, Porina coronata, Porina larvalis, 
Lepralia foliacea, Microporella elevata, and Smittia reticulata, the 
same species is found in these fossil beds in more than one form ; in 
other cases we find species only previously known with different 
colonial growth—for instance, Membranipora cylindriformis (?), M. 
appendiculata, Steganoporella perforata, Cribrilina monoceros, Porina 
larvalis, Smittia seriata, Schizoporella auriculata, Smattia anceps, and. 
Mucronella nitida ; while the two stages of living forms are known 
-in Steganoporella magnilabris, Lepralia foliacea, Porella concnna, 
and Smittia reticulata. We have also seen a Catenicella in a new 
and interesting form, besides Crista without joints. 

If the old classification had not previously been discarded, the 
present collections would by themselves have shown the necessity 
of using zocecial before zoarial characters. 

We have now from the three localities 127 determined species of 
Chilostomata, of which 52 are known living and 41 fossil; 14 are 
considered identical with European Miocene species, 17 with 
Pliocene, and 4 are thought to be identical with Cretaceous species. 

Having completed the description of the Chilostomata, I propose 
next to deal with the Cyclostomata from the three localities in one 
communication. 
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Last of Species. 


| e138! se 
Sia ta 2 
lal[Eléle}) 3 
Go |e | = | 2 § 
@ | s& a] Ea iS) 
a  ) 4 
1. Cellaria malvinensis, Busk ......... 503; * | ¥. | * 
2. angustiloba, ee Wer eek ae tu! 504}... | x | x 
3. Caberea grandis, Hincks ............ 504; « | x | x . 
4. Membranipora appendiculata, Mss.) 504; * | | — tonnes 
5. eylindriformis, Waters......... | HOA... | & | * 6 ; 
6. macrostoma, ASS...........0..2. 504 se een ise 
7. Steganoporella Rozieri, Awd., var. 
FINCA PIABCE Se. 65. Wei cin senu'asvinn 505| * . |Miocene. 
8. perforata, MacG., var. clausa| 505! ? 
9. magnilabris, Busk ............ 506} x | x x . |Miocene. 
10. Cribrilina terminata, Waters ...... x 7a) saree M2 
qi monoceros, Busk (non Reuss)| 507 | * 
12. Mucronella mucronata, S7.......... 507; « | « | * 
13. NC Ge Ia BOR | x ie tag. 
14. Microporella ciliata, Pail., var. ...|508| x 
15: Glaysiay WV OOdS.| sas. ccc ec. ae HOS a. | se | 
16. Teint i 508| x | 
Vi yarrsensis, Waters ..........2. 508; « | « | * 
LS: VIOIACED, JORMMSE, ....<0cccsceres 508} * 
19. Porina coronata, Rss. ........... eee| 08] % 3 * %* 
20. eeevis; MMaCG. 2cs cede ccee inn 509} x | * 
21. Lepralia depressa, Busk, var. ...... 509 
22 burlingtoniensis, Waters...... BOO Wiese t We forse 
3. VAREVESAL CH . 5 a boneel de scentdececes 509 
9A. PPE GILO NY oreo swiwrdaniniss wines 509 
25. foliacea, Hil. & Sol. .........00 509| x * % 
26. Porella denticulata, Stol............. LO I a. * 
27. Smittia Tatei, 7. Woods ............ BLOW | * x 
28. retiqulatas Mae Gs icccucsayess ac BIGH 3.4) sexe} oe 
29. -—— anceps, MacG.. ...............00 510| x % 
30. Schizoporella phymatopora, Rss....)510! ... | x 
31 amriemiata, L1GSS... 6... os sdsene se 511 | Ca Sead ba 
32. acuminata, Hineks ............ 511| x . % 
33. -—— bombycina, Wafers ............ si | or * 
34. ventricosa, Hasw. .......0...00. Edy heise | 3 
35. Palmicellaria Skenei, H7/. & Sol....)511| * | | 
36. Retepora marsupiata, Sm. ......... 51l| x | * 
37. piminbay, FV WOKS. sos lence cc dced Aha) bale | x | * 
Bio Ncseeeegt (21-1 2 Re Oe i a 511 | 
39. Cellepora yarraensis, Waters ...... pBED 2S | % | # 
40 albicans, Hincks ...............)512| * | ~ 
41. pumMicOsay Buse oe. sass. 1512) x | 
42. Lunulites cancellatus, Busk.........)512) x | % | * 


1, CELLARIA MALVINENSIS, Busk. 
Loc. Living and fossil, from 8.W. Victoria and Mt. Gambier. 
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2, CELLARIA ANGUSTILOBA, Busk. 


Melicerita angustiloba, Busk, Quart. Journ. Geol. Soc. xvi. 
p. 261. 


Cellaria angustiloba, Waters, “Chil. Bry. Mt. Gamb.” Quart. Journ. — 


Geol. Soc. vol. xxxviii. p. 260, pl. ix. figs. 28-30. 


Loc. Fossil: Mt. Gambier, Orakei Bay (Stol.), Muddy-Creek beds. © 


3. CaBEREA GRANDIS, Hincks. 


For synonyms see “ Chil. Bry. Mt. Gambier,” Quart. Journ. Geol. | 


Soc. vol. xxxvili. p. 261. 
Loc. Living: Curtis Island (H.). Fossil: S.W. Vict., Mt. Gambier. 


4, MmMBRANIPORA APPENDICULATA, Reuss. Plate XXII. figs. 2, 3,4, 5. 
ere Mie alee aaa Rss. Foss. Polyp. d. Wien. Tert. p. 96, 
pl. xi. fig!’ 2 


Tinos a appendiculata, Rss. Die foss. Bry. des Ost. “ung. 


Mioc. p. 41, pl. ix. figs. 13-16. 

Membranipora cye lops, Busk, Mar. Poly. p. 61, pl. Ixy, Geass 

Zoarium in “schara-form. Zocecia large, ovate, surrounded by 
a very thick raised margin ; the area is much depressed, with a large 
aperture, which is rounded on the distal end, widening below, with 
almost straight sides and the proximal edge straight. There seems 
to have been a spine on one side. Immediately below the aperture 
a short, broad ayicularium directed downwards. Aperture 0-41 
millim. wide. 

The zocecia are usually arranged in parallel series with great 
regularity. 

This is very similar in form to some cells of Membranipora trifo- 
lium, S. Wood—as, for example, Crag Polyz. pl. 11. fig. 9; but that 
is a much smaller species, the aperture only measuring 0-15 millim. 
Two distinct species of MJembranipora seem to have been described 
from the Crag under the name trifolium. M. appendiculata also 
resembles Eschara propinqua, Hag., which is common in the Chalk 
of Maestricht ; but the aperture in that species is also smaller, only 
measuring 0°25 millim., and has no avicularia. The cells in the 
specimen described by Reuss are somewhat larger than in those 
from Bairnsdale. 

Loc. Fossil: Miocene, Médling, Eisenstadt, Miechowitz; Upper 
Oligocene, Astrupp and Biinde; Middle Oligocene, Sollingen. Living: 
New Zealand (B.). 


5. MermBrRANIPORA CYLINDRIFORMIS, Waters. 


For synonyms see “ Chil. Bry. 8. W. Victoria and Mount Gambier,” 
Quart. Journ. Geol. Soc. vol. xxxvil. p. 323, & vol. xxxviii. p. 263. 
Loc. Fossil: S.W. Victoria, Mount Gambier. 


6. MEMBRANIPORA MACROSTOMA, Reuss. 


For synonyms see Quart. Journ. Geol. Soc. vol. xxxvii. p. 323, 
& vol. xxxvili. p. 262. 


From Bairnsdale, in the Eschara-form. This may be the same 
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as M.. lowopora, Rss. In the Bairnsdale specimen the avicularia 
above the aperture are often very large, occupying nearly the space 
of a zoecium. ‘They are then broad and directed laterally. 


7. STEGANOPORELLA Rozieri, Aud., var. rvpica, Hincks. 


Steganoporella Rozert, Hincks, “ Gen. Hist. of the Mar. Polyzoa,” 
Ann. & Mag. Nat. Hist. ser. 5, vol. vi. 1880, p. 379, pl. xvi. figs. 1, la. 

Eschara ignobilis, Reuss, “‘ Foram. Anth. & Bry. des Septarien- 
thones,” Denkschr. Ak. Wissensch. Wien, xxv. p. 65, pl. vi. fig. 14. 

Vincularia nove-hollandie, Haswell, ‘On some Polyzoa from the 
Queensland Coast,” Proc. Linn. Soc. N.S. Wales, vol. v. pt. 1, p. 41, 
pl. i. fig. 3. 

Vincularia steganoporides, Goldstein, Bry. from Marion Islands, 
1881, p. 6, pl. 11. fig. 5. 

Zoarium in Eschara-form. The shape of the avicularia cannot 
be made out; but there are large oval avicularian openings in the 
lower part of the zocecium, and in one case there is an irregular 
triangular opening apparently caused by the coalition of two avicu- 
laria. I have a Steganoporella from the Miocene of Brendola (N. 
Italy) which has very similar cells, but with a tubercle on each side 
of the mouth ; but in that case there is a large cell about the length 
of three and the width of two zoecia. 

Loe. Living: India (Hincks), Marion Islands (Gold.), Holborn 
Islands (Haswell), Darnley Islands, Torres Straits (¢n my coll.),—in 
the last three places in the Vincularia-form. Miocene: Sollingen. 


8. STEGANOPORELLA PERFORATA, MacG., var. CLAUSA, nov. 


Membranipora perforata, MacG. Zool. of Vict. decade i. p. 29, 
pl. xxv. fig. 2; decade iv. pl. xxxvi. fig. 3. 

Zoarium in Eschara-form. The zocecia are irregularly hexagonal 
to ovate, and are much larger than those of Steganoporella Rozier, 
Aud., with very narrow borders, the rims of the zocecia keeping 
quite distinct although close together. Instead of there being large 
open pores below the mouth, these are closed by a calcareous covering 
the centre of which is mamillated and perhaps perforated. In the 
Bryozoa the membranous structures are often replaced by calcareous; 
and this would seem to be the case here; for the large suboral open- 
ings of Steganoporella are usually covered with a membrane as in 
Steganoporella impressa, Moll. In a case like the present it is very 
difficult to distinguish Steganoporella from Micropora; and I unite 
this with MacGillivray’s species with some hesitation, especially as 
the avicularia and ovicells are unknown in the fossil. 

I have recently received from Miss Jelly a specimen of Stegano- 
porella perforata fossil from near Napier, New Zealand. Besides 
the large pores there are, in one or two cases, pores below these; 
and then the zocecia resemble those of Monoporella lepida, Hincks. 
The size and shape of the zoccia and the size of the oral aperture 
are the same in Steganoporella perforata and Monoporella lepida; and 
I think they must not only be united generically, but can only rank 
as specific varieties. 


Q.J.G.S. No. 152. Qu 
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9. STEGANOPORELLA MAGNILABRIS, Busk. Plate XXII. figs. 7, 7a. 


Lepralia firma, Reuss, ‘‘ Die foss. Anth.d. Schichten von Castelgom- 
berto,” Denkschr. Ak. Wien, vol. xxviil. p. 52, pl. xy. fig. 11. 

Membranipora magnilabris, Busk, Mar. Poly. p. 62, pl. xv. fig. 4. 

Steganoporella elegans, Smitt (d’Orb.?), Floridan Bry. pt. ii. p. 15, 
pl. iv. figs. 96-101. 

Biflustra crassa, Haswell, ‘‘On some Polyzoa from the Queens- 
land Coast,” Proc. Linn. Soc. N. 8. Wales, vol. v. pt. 1, p. 38, pl. i. 
fig. 8. 

Vincularia neozelanica, Busk, Q. J. M.S. new ser. vol. i. 1861, 
p. 155, pl. xxxiv. figs. 5, 5a. 

Steganoporella magnilabris, Hincks, Ann. & Mag. Nat. Hist. 
ser. 5, vol. vill. p. 7. 

Steganoporella magnilabris, MacGillivray, Zool. of Victoria, dec. 
vi. 1881, p. 43, pl. Ix. fig. 1. 

The Bairnsdale specimens are in the Eschara-form ; the badly 
preserved fragment from Mount Gambier is apparently in the Lepra- 
lia-form. In the Bairnsdale fossil there are two small denticles a 
small distance down the oral tube, evidently showing the position of 
the diaphragm, which shuts off the lower portion of the cavity. 

Mr. Hincks, in a valuable description of Steganoporella neozelanica, 
Busk (Ann. & Mag. Nat. Hist. ser. 5, vol. ix. Feb. 1882, p. 119, 
pl. v. fig. 9.), pots out the resemblance of S. magnilabris and S. 
neozelanica ; but, from the examination of specimens in my collection, 
J am quite unable to understand why Mr. Hincks does not unite 
them. The width of the aperture in recent and fossil specimens is 
about 0°38 millim. Mr. Hincks calls attention to this species having 
being found with various habits of growth in Australia; and the 
same thing is the case in Florida, and we now also find it to be 
the case with fossils. I do not change the name to S. firma, as I 
have not had the opportunity of examining any specimen from Mt. 
Castelgomberto, and the description is not very full. 

The lip at the base of the aperture has been called a denticle; 
but it seems unadvisable to retain this designation, as the term is so 
frequently used for much smaller structures occurring in the aperture 
and in pores Xe. of the Bryozoa. 

Loc. Fossil: Miocene, Castelgomberto (as LZ. firma), Mouille 
Mougnon (Ste. Croix, Cant. Vaud*), Mt. Gambier, S.W. Victoria. 
Living: Abrolhos Islet and Algoa Bay (B.), as S. neozelanica, B., 
Florida, 15-37 fathoms (Sm.), Holborn Island (Haswell and my 
coll.), Bass’s Straits (Hincks), Queenscliff (MacG-.). 

Mr. Hincks has given a list of recent Steganoporelle and Micro- 
pore ; and as fossil we may add Membranipora holostoma, 8S. Woods, 

* These beds are called Miocene in the Swiss maps; but, so far as I am aware, 
no fossils have yet been described from them. Besides S. magnilabris (in Eschara- 
form), there is a somewhat similar Steganoporella, but with much smaller cells 
and in Vincularia-form ; also Myriozowm truncatum, Pall., Porella (Eschara) 
cervicornis, M.-Kd. (non Busk), a Schizoporella which is common in the Pliocene 
of Italy, and which may be Eschara incrassata, M.-EKd. (non Hincks), and, fur- 


ther, Echinocyamus pusillus. From these few fossils the age might be Miocene 
or Pliocene. These beds are close upon 4000 feet above the sea-level. 
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M. minuta, Rss., M. gracilis, Miinst., M. papyracea, Rss., Eschara 
biserratopora, Rss., EH. ignobilis, Rss., Vincularia Haidingeri, Rss., 
V. cucullata, Rss. 


10. Cripritina Terminata, Waters. Plate XXII. fig. 6. 


Cribrilina terminata, Waters, “ Bry. from 8.W. Victoria,” Quart. 
Journ. Geol. Soc. vol. xxxvil. p. 326, pl. xvii. fig. 68. 

Zoarium in Eschara-form. From the Bairnsdale specimens I am 
able to add a description of the ovicell. It is subimmersed ; and in 
the middle there is a cleft or depression commencing from the distal 
end of the oral aperture. The upper portion of the ovicell has a 
second wall raised above the lower one and concealing the cleft, 
thus forming a cap to the upper part of the ovicell. ° 


11. Crrermina monoceros, Busk (non Reuss). 


Lepralia monoceros, Busk, Mar. Polyzoa, p. 72, pl. xciil. figs. 5, 6. 

Lepralia monoceros, MacGillivray, Zool. of Vict. dec. iv. p. 32, 
pl. xxxviii. figs. 1, 2. 

Lepralia monoceros, Ridley, “Zool, Coll. in the Straits of Magellan ’ 
&e., Proc. Zool. Soc. 1881, p. 50. 

Cribrilina monoceros?, Hincks, ‘‘Coll. of Polyzoa from Bass’s 
Straits,” Proc. Lit. & Phil. Soc. Liverpool, April 1881, p. 11, & Ann. 
& Mag. Nat. Hist. July 1881, p. 9, pl. ii. fig. 6. 

Zoarium in LEschara-form. ‘The shape of the zocecium, ovicells, 
avicularia, and spinal attachment corresponds with Busk’s figure; and 
there is no doubt about the identity. Mr. Hincks, however, describes 
a suboral avicularium, which had not been mentioned by previous 
authors, and which is absent in the Bairnsdale fossil; and therefore 
Mr. Hincks’s specimen may perhaps be looked upon as a variety. In 
the aperture there are two projections or teeth above, and two below, 
reminding us of the aperture of Cellaria crassa, &c. I have already 
called attention (Q. J. G. 8. vol. xxxvil. p. 327) when speaking of 
Cribrilina dentipora, to the denticle in the pores of Cribrilina 
monoceros in the British-Museum specimens; Mr. Ridley, in his © 
paper, speaks of a small tubercle projecting into the pore ; and in the 
fossil I find that each pore has a prominent denticle, in each case 
pointing radially away from the centre of the area. 


y) 


12. MucronELLA MuUcRONATA, Smitt. 


Escharipora mucronata, Sm. Flor. Bry. p. 24, pl. v. figs. 113-115. 

Mucronella mucronata, Waters, Quart. Journ. Geol. Soc. vol. 
xxxvu. p. 328, pl. xvii. fig. 66, and vol. xxxvili. p. 266. 

From Bairnsdale it is in the Hschara-form, evidently with a foli- 
aceous growth. 


13. Mucroneta nitipa, Verrill. 


Discopora witida, Verrill, Amer. Journ. Sci. vol. ix. p. 415, 
pl. vi. fig. 3, 1875. 
Mucronella nitida, Verrill, *‘ Recent Add. to Mar. Invert.,” Proc. 
U.S. Nat. Mus. p. 195. 
2m 2 


508 A. W. WATERS ON CHILOSTOMATOUS BRYOZOA 


Lepralia reticulata, var. inequalis, Waters, “ Bry. of Naples,” 
Ann. & Mag. Nat. Hist. ser. 5, vol. i. p. 41, pl. ix. fig. 3. 

Loc. Fossil: Crag (A. W. W., cell in Eschara-form). Living: 
Vineyard Sound and Long-Island Sound (V.); Naples (A. W. W.). 

The fossil shows the general character of the species in having the 
avicularia (which point downwards) very unequal in size. 


14, MicropoRELLA crizata, Pall., var. 


The specimen from Bairnsdale has small hexagonal zocecia with 
a rather smaller aperture than the European specimens in my posses- 
sion. There are pores all round near the border of the zocecia, and 
about six oral spines. Oral aperture 0°08 millim. wide. 


15. MicropoREeLLa ELEVATA, T. Woods. 
For synonymy see “Chil. Bry. Mt. Gambier,” Q. J. G. 8. vol. 


XXXVI. p. 267. 


Loc. Fossil: S.W. Vict. & Mt. Gambier. 


16. Microporetia prcorata, Rss. Plate XXII. fig. 1. 


Cellepora decorata, Rss. Foss. Polyp. Wien. Tert. p. 89, pl. x. fig. 25. 

Lepralia decorata, Manzoni, Bry. Foss. Ital. 2nda cont. p. 4, pl. i. 
fig. 6, and Bri. di Castrocaro, p. 15, pl. ii. fig. 18. 

Lepraha decorata, Rss. Die foss. Bry. des dst.-ung. Mioe. p. 14, 
pl. v. fig. 2. 

Lepralia decorata, Seguenza, ‘‘ Le Form. Terz.,’ Mem. Accad. 
Lincei, vi. pp. 81, 199, 294. 

Lepralia Sturi, Rss. Die foss. Bry. des dst.-ung. Mioc. p. 22, 
pL.v. ap. LE. | 

Lepralia Sturi, Seguenza, loc. cit. p. 82. 

Lepralia formosa (?), Seguenza, loc. cit. p. 82, pl. viii. fig. 12, 
p- 199, pl. xiv. fig. 22. 

Microporella decorata, Hincks, ‘‘ Contr. Gen. Hist. Mar. Polyzoa,” 
Ann. & Mag. Nat. Hist. ser. 5, vol. vi. p. 74. 

The avicularia are somewhat larger and spread out more than in 
the European fossils. The specimens seem to be in the Lepralia- 
form. ‘There are five oral spines. 

Loc. Living: Madeira 30 fathoms (H.). Miocene: Eisenstadt 
(Hungary), Nussdorf, Médling. Pliocene: Castrocaro, Parlascio, 
S. Regola, Modena, Italy (J7.); in Calabria in the Helvetian, Zan- 
clian, and Astian (Seg.). 


17. MicropoRELLA YARRAENSIS, Waters. 


For synonyms see “ Chil. Bry. Mt. Gambier,” Quart. Journ. Geol. 
Soc. vol. xxxviil. p. 267. 


18. MicroPpoRELLA VIOLACEA, Johnst. 
Only a small fragment. 
19. Portna coronata, Rss. . 


For synonyms and localities see “ Bry. S.W. Victoria,” loc. cit. 
p. 333. 
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20. Porras LARvALis, MacG. 


Lepraka larvalis, MacGillivray, Zool. of Vict. dec. iv. p. 30, 
pl. xxxvil. fig. 5. 

Porina larvals, Waters, ‘“‘ Chil. Bry. from Mt. Gambier,” Q. J. 
Gis. vol. xxxvii. p. 269, pl. vin. fig. 19. 

Loc. Living: Williamstown (JWacG.), Bondi Bay and Semaphore 
(A. W. W.). Fossil: Mt. Gambier. 


21. Lepratia pEpREsSA, Busk, var. 

Lepralia depressa, Busk, Mar. Polyzoa, p. 75, pl. xei. figs. 3, 4. 

Zoarium in Lepralia-form. Zocecia large, subhexagonal, convex, 
smooth, aperture contracted in the middle, about 0-10 millim. at the 
widest part. Avicularian or vibraculoid process on each side nearly 
half down the cell. 

This differs from Hscharella setigera, Smitt (Flor. Bry. p. 58, 
fig. 206), in the position of the avicularian or vibraculoid process, 
which occurs halfway down the cell, in about the same position as 
in Schizoporella vulgaris, Moll, whereas in £. setigera from Florida 
it is near the top of the cell, in the same position as in Mastigophora 
Dutertrer, Aud. It also differs from L. depressa from the Aigean 
Sea in not haying a vibraculum on a level with the mouth. 


22. LePRALIA BURLINGTONIENSIS, Waters, ‘“ Chil. Bry. Mt. Gambier,” 
Q. J.G.S. vol. xxxviut. p: 270, pl. vit. fig.:6. 


23. LEPRALIA BAIRNSDALEI, sp. Nov. 


Zoarium in Eschara-form. Zocecia subrectangular or contracted 
below, bounded by broad, much raised lines, surface consequently 
depressed ; large pores and large granulations with large pores round 
the edge of the zocecilum. Oral aperture contracted in the middle 
by means of a denticle on each side some little distance down the 
aperture. An oral avicularium in the aperture or just below it. 

This shows many points of similarity with Porella nitidissiema, 
Hincks ; but the lateral avicularia are wanting in the present species, 
and Hincks does not find any lateral contractions in the aperture. 
It differs from Smittia seriata, Rss., m having no proximal 
denticle. 


24. LEPRALIA GIPPSLANDII, sp. nov. Plate XXII. fig. 12. 


Lepralia-form. Zocecia ovate, surface minutely punctate. Oral 
aperture almost circular. Ovicell globose, punctate. Although the 
specimen is well preserved, there are so few characters that it is 
impossible to be quite sure that it has not previously been 
described. 


25. Lepratia FOLIACEA, Ejl. & Sol. 


Lepralia foliacea, Waters, ‘Chil. Bry. Mt. Gambier,” Q. J. G.S. 
vol. xxxvill. p. 269, pl. vii. fig. 3. 

As I mentioned, when speaking of the Mt.-Gambier specimens, 
there are two varieties from Bairnsdale (both in Eschara-form), one 
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with an ayicularium in the mouth and punctured all over the 
surface, the other as fig. 3; and within the last few days Miss 
Jelly has sent me a specimen of this last, which she found in her 
collection from §.W. Victoria. It is better preserved than the 
others, showing the acute shape of the small avicularia, which point 
downwards; and there are also ovicells preserved, which are very 
little raised. The shell-structure of the central part of the ovicell 
is much thinner than the front wall of the zocecia; and this thinner 
part is surrounded by a broad band. 

The ovicells of L. foliacea seem seldom to have been found; and as 
in this case they are less raised than in my Naples specimens, and 
are also surrounded by a broad border, it must be looked upon as a 
distinct variety ; or possibly it will have to be specifically separated. 
26. PoRELLA DENTICULATA, Stoliczka. 

Flustrellaria denticulata, Stol. Foss. Bry. Orak. p. 138, pl. xx. 
fig. 2. 

Bonet denticulata, Waters, “ Bry. 8.W. Vict.” Q.J.G.8. vol. 
xxxvii. p. 336, pl. xvii. fig. 70. 
Loc. Fossil: Orakei Bay (Stol.); S.W. Victoria. 
27. Surrria Tater, Tenison Woods. 

Eschara Tate, T. W. “On some Tert. Austr. Fossils,” Tr. fas 
Soc. N.S. W. 1876, De 3, Le. RY. 

Smittiia Tata, Waters, “ Bry. 8.W. Vict.” Q.J.G.S8. vol. xxxvii. 
p. 337, and “Bry. Mt. Gambier, ” loc. cit. vol. xxxviii. p. 271, pl. vile 
fig. 10, pl. vii. fig. 21. 

28. Smirria RETICULATA, MacG. 


29. Smirrra anceps, MacG. 

Lepralia oo MacGillivray, Zool. of Vict. dec. iv. p. 23, 
pl. xxxv. fig. 6 

Smittia anceps, Waters, Q.J.G.S. vol. xxxvii. p. 337, pl. xviii. 
fig. 94. 

The separating lines between the zocecia are much raised ; and as 
the colony is fertile, it has much more the appearance figured by 
MacGillivray than the specimen from S8.W. Victoria. The surface 


is coarsely granular; and the raised ovicell occupies the greater part , 


of the front of the zocecium. 


30. ScHIZOPORELLA PHYMATOPORA, Reuss. 


Eschara phymatopora, Reuss, Foss. Anth. & Bry. v. Crosaro, 
Dp: 272; @ Rex ee 

Schizoporella phymatopora, Waters, “ Bry. 8.W. Vict.” Q.J.G.8. 
vol. xxxvii. p. 338, pl. xv. figs. 31, 32. 


The zoaria from Bairnsdale consist of hollow cylinders about 
3mm. in diameter. In some specimens the zocecia form transverse 
series, in others they are alternate—showing that the fact of the 
zocecia being arranged transversely cannot be made a specific cha- 
racter, much less generic, as was done with Melicerita. Itis still a 
character used in classifying the Cyclostomata. 
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The avicularia are directed upwards. 
Loc. Bartonian, Val di Lonte & Ferrara di Monte Baldo (Italy); 
S. W. Victoria (A. WA 


31. ScHIZOPORELLA AURICULATA, Hass. 
Lepralia- and perhaps Hemeschara-form. 


32. ScHIZOPORELLA ACUMINATA, Hincks. 


For synonyms see Q. J. G.S. vol. xxxviii. p. 274. 

In cells where the pointed character of the distal end of the cell 
and also the avicularia are wanting, the appearance is much the 
same as that of Schizoporella Cecilu, Aud. 


30. SCHIZOPORELLA BOMBYCINA, Waters. 
Q.J.G.8. vol. xxxviii. p. 274, pl. ix. fig. 36. 


34. ScHIZOPORELLA VENTRICOSA, Hasw. 


Onchopora ventricosa, Haswell, “On some Polyzoa from the 
Queensland coast,” Proc. Linn. Soe. N.S. Wales, vol. v. pt. 1, p. 36, 
pl 4. fig. 3. 

Loc. Living : Holborn Island, 20 fath. Fossil: 8. W. Vict. 


35. PatMIcELLARIA SKENEI, Ell. & Sol. Plate XXII. fig. 9. 


Lepralia bicornis, Busk, Crag Polyzoa, p. 47, pl. viii. figs. 6, 7. 

Palmicellaria Skenet, var. 8, Hincks, Brit. Mar. Polyzoa, p. 380, 
pl. lu. fig. 4 

From the state of preservation the characters are not well marked ; 
but on each side of the aperture there is a process, and in front an 
avicularian umbo. In using the above nomenclature I am follow- 
ing Mr. Hincks; and the present specimen does not furnish the 
opportunity of checking the generic position. Iam not sure whether 
the notch sometimes seen in the front of the aperture is an incision 
in the peristome or an oral sinus. 

Loc. Fossil: Crag (?). Living: Northern Seas. 


36. RerepoRA MARSUPIATA, Smitt. 


See Waters, Quart. Journ. Geol. Soc. vol. xxxvii. p. 342, pl. xv. 
figs. 34, 35, 36, pl. xvii. figs. 59, 61, 76, 77. 

Loc. Fossil: 8. W. Victoria, Mt. Gambier, Miocene of S. Bar- 
bara, U.S. Living: Florida, Teneriffe. 


37. RETEPORA RIMATS, Waters. 

See Waters, loc. cit. p. 343, pl. xvi. figs. 48, 53, and vol. xxxviii. 
p: 275. 

Loc. Fossil: 8. W. Victoria and Mt. Gambier. 
38. RETEPORA DESERTA, Sp. nov. 


Zoarium cup-shaped, fenestrate, branches connected laterally by 
small round bars without any zocecia; dorsal surface of zoarium 
plain. 

Zocecia ovate, smooth, with a broad raised avicularium at one 
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side; mandible turned sideways, apex directed upwards. Ovicell? 
There is a sinus in the round aperture; but I am not quite sure 
whether this is a primary or secondary character. 
The transverse bars without cells and the suboblong fenestra thus 
caused give the colony the appearance of some of the Fenestellide. 
The shape of the zocecia and avicularia is the same as in Céel- 


lepora ramulosa (see Smitt, Ofv. K. Vetensk. Ak. Férh. 1867, 
tab. xxvil. fig. 188). This may be closely related to Discopora 
albirostris, Smitt (Flor. Bry.). 


39. CELLEPORA YARRAENSIS, Waters. Plate XXII. fig. 8. 

Cellepora yarraensis, Waters, Quart. Journ. Geol. Soc. vol. xxxvil. 
p. 343, and vol. xxxviii. p. 275. 

Loc. 8.W. Victoria and Mount Gambier. 


40. CrLLepora axsricans, Hincks. 


Monoporella albicans, Hincks, “ Contr. towards Gen. Hist. of Mar. 
Polyzoa,” Ann. & Mag. Nat. Hist. Feb. ages ser. 5, vol. ix. p. 123, 
pl. v. figs. 5, 5a, 5b. 

I have already pointed out that probably, on vaehonen of the shape 
of the aperture, Cellepora sardonica, Waters, C. yarraensis, W., 
C.intermedia, Mac G., C. compressa, Back, and Cellepora fossa, Hasw., 
should be formed into a subgenus; and the present form should be 
added to the list. J am not, however, inclined to think that they 
will ultimately find their place with Monoporella, and therefore 
provisionally leaye this with Cellepora. 


4]. Cr~tErora pumicosa, Busk (non L.). 


Only asmall fragment. This has a very prominent rostrum; and | 
the avicularia inside the rostrum are acute and placed laterally 
instead of diagonally or longitudinally. 


42, Lununires caANcELLATUS, Busk. Plate XXII. figs. 10, 11. 


Lunulites cancellata, Busk, Cat. Mar. Polyzoa, p. 1U1, pl. exiil. 
figs. 4-7 : Waters, Quart. Journ. Geol. Soc. vol. xxxvii. p. 344, and 
vol. XXXVIli. p. 275. 

Zoarium 4—5 millim. diameter, 2 millim. high, conical; aperture ~ 
elongate. At some distance down the aperture there is a secondary 
aperture with a notch in the proximal end. 

Loc. Living: Philippine Islands and New Guinea. Fossil: S. W. 
Victoria and Mt. Gambier. 

' ADDENDUM. 

Shortly after the completion of this paper, Miss Jelly found in her 
collection from S.W. Victoria some specimens which had not been 
submitted to me. As they are of considerabie interest, I add a 
description of them as a note to this paper, so as to conclude the 
series on the Chilostomata. 


MucronrLia porosa, Hincks. 


Mucronella porosa, Hincks, “Gen. Hist. of Mar. Polyzoa,” Ann. & 
Mag. Nat. Hist. ser. 5, vol. viii. p. 124, pl. i. fig. 5. 
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In the fossil there is on each side of the mucro an erect spinous 
process, at the top of which is a small spatulate avicularium. Ina 
recent specimen in my possession from Tasmania there is a spinous 
process on each side; but these never seem to be avicularian. 

In the fossil as well as in the Tasmanian specimen there is very 
frequently on one side, near the border and about halfway down 
the zocecium, a small, nearly round avicularium. 

The spinous process, which in some cases is avicularian, 1s one of 
those instances, now rather numerous, which, it seems to me, must 
ultimately lead to our seeing that the function of the avicularia is 
not prehensile, as formerly supposed. 

Loc. Living: Curtis Island (#.), Singapore or Philippine Islands 
(Miss J.), Tasmania (sent me by Miss Gatty). Fossil: 8. W. Victoria. 


Smrrrra Birincisa, Waters. 


Smittia buncsa, Waters, Q.J.G.S. vol. xxxvili. p. 272, pl. vil. 
fie, | 

The S.W.-Victorian specimen is better preserved than those from 
Mt. Gambier, and shows five oral spines. 

Loc. Mt. Gambier. 


MeEMBRANIPORA RADICIFERA, Hincks. 


Membranipora radieifera, Hincks, Ann. & Mag. Nat. Hist, Ss. D, 
vol. viii. p. 5, pl. 11. fig. 6. 

Membranipora radicifera, Waters, Chil. Bry. Mt. Gambier, Q. J. 
G. 5. vol, xxxvitl: p. 262, pl: 1. figs. 26, 27. 

The dorsal surface has several protuberances to each zocecium ; 
and these were apparently perforated; but it is impossible to say 
whether there were radicular appendages. 


EXPLANATION OF PLATE XXII. 


Microporella decorata, Rss., X 25. 
Membranipora appendiculata, Rss., X 12. 
Ditto, avicularium, x 25. 

Ditto, lateral rosette-plates (diagrammatic). 
Ditto, distal ditto. 

Cribrilina terminata, Waters, X 25.: 

. Steganoporella magnilabris, Busk, X 12. 
7a. Ditto, held diagonally, in order to examine the tubular aperture, x 25. 
8. Cellepora yarraensis, Waters, X 25. 

9. Palmicellaria Skenei, Ell. & Sol., x 25. 

10. Lunulites cancellatus, Busk, x 25. 

11. Ditto, aperture, x 50. 

12. Lepralia gippslandii, sp. nov., X 12. 


Fig. 
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Discosston. 


Dr. Murte said that the Society was much indebted to Mr. Waters 
for his laborious work on a difficult branch of investigation. The 
methods of classification proposed by him had now been adopted 
by several authorities of weight. 
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48, On the Srrurran (and CamBrian) Strata of the Batic PRo- 
vincrs of Russia, as compared with those of Scanprnavia and 
the British Istes. By Professor F. Scumipt, St. Petersburg. 
(Read June 21, 1882.) Communicated by Dr. Henry Woop- 
warp, F.R.S., F.G.S. 


[Puare XXIII. | 
InrRODUCTION. 


I wave recently completed the first part of a memoir upon the Silu- 
rian Trilobites of the Baltic provinces of Russia *, containing a 
special geological introduction. This work is already in the 
hands of Silurian geologists. But as the subject cf my memoir, 
and more particularly its geological introduction, may be of interest 
to British geologists in general, [ will here endeavour to 
develop in English the most important results of my investigations, 
pointing out at the same time more especially some difficulties and 
controverted points in the parallelization of our Silurian strata with 
those of Scandinavia and the British Islands. There is no map ac- 
companying my memoir; and the reader is therein requested to refer 
to the geological map of the Baltic provinces of Russia, published at 
Dorpat in 1878 by Prof. Grewingk. In this map the Silurian part 
was drawn by myself. The accompanying sketch (P]. XXIII. fig. 1). 
will serve the purpose of the present paper. 


GENERAL CHARACTERISTICS. 


The whole of our so-called Eastern Baltic Silurian spreads over a 
large area, of an average length of 400 English miles and a breadth 
of 80 miles, through the provinces of Ingermanland (St. Petersburg), 
Esthonia, Livonia, and the island of Oesel. It forms one complete 
series of conformably arranged strata. This series is entirely inde- 
pendent of the Devonian, which covers the Lower Silurian in the east, 
and the Upper Silurian in the west, without showing any connecting 
intermediate links. ‘The surface of the country occupied by our 
system forms a nearly uniform plain (in some parts of the country 
scattered over with narrow ridges or asar of glacial origin). It is 
slightly inclined 8. and 8.W., and broken abruptly off at its northern 
border, in cliffs from 50 to 150 feet high (the so-called ‘‘Glint ” along 
the southern coast of the Gulf of Finland ; see the woodcutin Mur- 
chison’s ‘ Siluria, ’ 1867, p. 356, and our section, Pl. XXIII. fig. 3). 
The lowest stages are visible only in these northern cliffs and in river- 
sections near the northern border of our system; the others appear as 
low terraces in the interior of the country, and are represented on 


* « Revision der ost-baltischen silurischen Trilobiten, nebst geognostischer 
Uebersicht des ost-baltischen Silurgebietes, von F. Schmidt. Abtheilung 1, Phaco- 
piden, Cheiruriden, und Encrinuriden, mit 16 Tafeln,” Mémoires de l’ Aca- 
démie Impériale des Sciences de St. Pétersbourg, 7™© série, tome xxx. no. 1. 
St. Pétersbourg, 1881. 
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the map as well-marked zones stretching in a direction nearly parallel 
to the north coast, and following each other from N. to 8., or from 
N.E. to 8.W., according to the inclination of the strata. 

In my former publication on our Silurian (‘ Untersuchungen uber 
die silurische Formation von Ehstland, Nord-Livland und Oesel,’ 
Dorpat, 1858) I marked only the zones represented on the map of 
the plain itself, with the numbers from 1 to 8, leaving the lower stages 
(visible only in the cliffs) without a corresponding notation. I 
have now introduced a new designation, by lettersfrom A to K ; the 
lowest. stages, A and B, in most parts of the country, however, are 
visible only in the northern cliffs and in corresponding river- 
sections. 

In the northern cliffs the superposition of the stages is directly 
observable, and also in some of the zones of the interior; in others 
it is only assumed, but may be actually observed in neighbouring 
Silurian countries where the same arrangement of strata occurs, 
as, for instance, in Sweden or Norway. The stages of the interior 
all consist of limestones and marls, showing thus a continuous deve- 
lopment of marine life from the beginning of the Lower Silurian to 
the end of the Upper, without any remarkable changes of physical 
conditions. The zoological character of each zone is extremely 
constant, though there exist very close relations between the faunas 
of neighbouring zones. As most of the zones stretch over a large 
area as long and narrow nearly parallel bands, the before-mentioned 
uniformity of their faunas affords us the means by which to check 
the value of differences between allied species of different zones, and 
allows us to study at the same time the variations of species both in 
time and space. 


PrincrpaL Drvisrons. 


Three clear principal divisions of the whole series can be distin- 
guished, the same as everywhere, but most nearly allied to those 
of Sweden; and therefore the same nomenclature is adopted by 
me in the same sense as used in Sweden by Linnarsson and 
others. The divisions are:—(1) the Cambrian or Primordial Si- 
lurian (stage A) = Cambrian of Dr. Hicks; (2) the Lower Silu- 
rian (stages B—F), nearly equal to the Ordovician of Lapworth ; 
and (3) the Upper Silurian (stages G—K), the Silurian of Sedgwick. 
According to the geological conditions of our country, I should rather 
prefer to regard our whole series of strata as one system, the Cam- 
brian being only a part of it—because all the strata are arranged 
conformably, and the whole is covered unconformably by the Devo- 
nian, the connecting lowest Devonian stages being altogether un- 
represented with us. 

The three principal divisions are easily recognizable with us, as 
there do not exist any connecting links, and the paleontological 
breaks are very clear between the Cambrian and the Lower Silurian 
as well as between the latter and the Upper Silurian. Our so-called 
Cambrian is entirely formed of sandstene, clay, and shale ; both Silu- 
rian divisions are purely limestones and marls, with very insig- 
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nificant thin layers of sandstone. As to the Lower and Upper Silu- 
rians, there cannot be any question as to their representing the same 
divisions as in Scandinavia and the British Islands, 2. e. the second 
and third faunas of Barrande ; but our Cambrian or Primordial Silu- 
rian I admit to be disputable, because of its peculiar constitution. 
No Primordial Trilobites of the Paradowides or Olenus group are found 


with us—indeed, no Trilobites at all, only Lingulide, some Graptolites. 


(including Dictyonema) in the uppermost stage, and some doubtful 
additional organic remains (see woodcuts 1-3 on page 13 of my me- 
moir above cited). My opinion as to the existence of the Cambrian 
in our country is founded upon the identity of the highest Cambrian 
(the Dictyonema-shale) and the lowest Silurian strata in Russia and 
in Scandinavia, and upon the agreement of the Scandinavian geo- 
logists Linnarsson and Brégger, who both visited at different times 
our most important localities, and who were at the same time well 
acquainted with the geology of their own country. 


CAMBRIAN STRATA, 
(Stage A.) 


Our Cambrian strata are visible (as I mentioned before) only in the 
cliffs at the northern border of our system and in corresponding river- 
valleys from the $.E. corner of the Ladoga, at the rivers Walchow 
and Sjas, to the cliffs near Baltischport on the Gulf of Finland, 
a distance of about 500 versts. Three stages of these strata have 
long been known :—(1) the Blue Clay, (2) the Ungulite Grit, and (3) 
the Dictyonema-slates. All these stages are exposed in many places 
along the northern cliffs ; but their thickness (all three stages taken 
together ), as visible in natural sections, does not exceed 100 feet. Yet 
the artesian wells in Reval and St. Petersburg have shown an amount 
of about 600 feet more, the Blue Clay reaching a thickness of 300 
feet, and the underlying iron-sandstones about the same. The latter 
repose directly upon granite in the artesian well at St. Petersburg 
(Gen. Helmersen, Bullet. de l’Acad. St. Pétersb. 1865, p. 185). In 
the upper strata of the Blue Clay some strange and very minute 
fossils have been found, called by Pander Platysolenites (see my 
memoir, p. 13, woodcut, fig. 1): they may be either Annelide-tubes 
or flattened stalks of some unknown Cystidean (as they show a 
distinct articulation). At the upper edge of the clay we often 
detect thin layers of intercalated sandstone filled with green agglo- 
merated corpuscles resembling casts of Foraminifera (my memoir, 
p. 13, fig. 2). The so-called Ungulite Grit has an average thickness 
of 50-60 feet ; its lower strata pass gradually into the Blue Clay by 
frequent intercalations of clayey bands. In these intercalated clay 
beds Dr. Volborth has found some doubtful minute Orthoceratites 
(see fig. 3 on p. 13 of my memoir). The Ungulites themselves are 
found only near the upper edge of the so-called Ungulite Grit. 
These real Ungulite layers are crowded with millions of separated 
valves of Obolus apollinis, Kichw. (Ungula, Kichw.), with which are 
associated in some places, forming distinct layers, Schimidira celata, 
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Volb., Helmersonia, Pand., and Keyserlingia, Pand. ‘This typical 
Ungulite Grit attains a thickness of not more than three or four feet ; 
it is very often intercalated with thin bands of the strata of the suc- 
ceeding stage. 

This stage (3), the Dactyonema-slate, is the highest member of our 
Cambrian series, and a very important one too, as it is the only in- 
dubitable connecting link between our Cambrian and that of Scan- 
dinavia. The Dictyonema-slate has a thickness of from 1 to 10 feet, 
and is exactly identical with the same stage as developed in Sweden 
and Norway. It must be looked upon as a direct continuation of the 
Swedish Dictyonema-slate, its petrological character being the same. 
The characteristic species, Dictyonema flabelliforme, Kichw., of the beds 
in both countries is the same; and, moreover, the geological position, 
as shown by the succeeding stages of the Glauconitic’and Orthoceratite 
Limestone, is correspondent. As the Dictyonema-slate in Sweden is 
intimately connected with the Olenus-beds, and, with us, with the 
Ungulite-beds, the latter may possibly be regarded as a coast-facies 
of the Olenus-stage of the Swedish Cambrian. The lower sands and 
the Blue Clay must consequently also correspond to some part of 
the Swedish Cambrian; yet it is difficult to say to which of them, 
identical fossils being altogether wanting. The lithological cha- 
racter of the lowest sandstone (near to the Blue Clay) reminded 
Dr. Linnarsson of some beds of the Swedish Hophyton-sandstone, 
Annelide-tracks and Cruziana, as in W. Gothland, being also visible 
with us. The Ductyonema-slate in some places shows, besides 
the Dictyonema, also some Graptolites (my memoir, p. 16, fig. 4). 
These I believe to be identical with Bryograptus Kjerulfi, Lapw., as 
figured by Kjerulf in his Veiviser ved geologiske Excursioner i 
Christiania omegn, p. 3, fig. 6. 

In England the Dictyonema-beds have a corresponding position at 
the top of the Cambrian (in the sense of Hicks and Lapworth) in 
the lower Tremadoc (cf. Lapworth in the Geol. Mag. 1881, p. 320) ; 
yet the identity of Dictyonema sociale, Salt., with D. flabelliforme, 
Hichw., though asserted by Tornqvist, is not, in my opinion, fully 
decided. The Norwegian D. norvegicum and D. graptolithinum of 
Kjerulf are, as asserted by Brogger, exactly the same as our D. fiabel- 
liforme. 

“4 complete the account of our Cambrian strata, we may admit 
that the development of the Cambrian system or division is not 
typical with us; yet the strata of these stages cannot be compared 
to any excepting those of the Cambrian stages of other Paleozoic 
countries, and therefore they must be regarded as representing the 
Cambrian or Primordial Silurian with us. 


Lower Sitvrran Srrata (Ordovician, Lapw.). 


The Lower Silurian (Ordovician, Lapw.) is the richest among our 
divisions. Nowhere else, I believe, has such a regular undisturbed 
development obtained of this part of the Palseozoic formations. In 
other countries there are several breaks, caused by interchange of 
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limestone and slaty rocks. With us the whole of the Lower Silurian 
(with the exception of the very lowest stage) is formed of limestones 
only, deposited in one and the same ancient ocean, without any re- 
markable change of physical conditions, and without any interruption 
in the evolution of animal life. Hence it will be possible with us to 
follow the minute changes produced by time in the form of marine 
organisms (mutations), especially as our widespread zones enable us 
at the same time to study the variations of the same organisms in 


space. 


Stage B (B1, Glaucomte Sand; B2, Glauconite Limestone ; B 3, 
Orthoceratite Limestone). 


We enumerate five principal stages in our Lower Silurian, distin- 
guished by the letters b, C, D, E, and F; but several of these can 
be subdivided into two or more substages. For example, the first 
stage, B, might be regarded as composed of two or three different 
stages ; they have been united mainly as a matter of convenience. 

B1, Glauconite Sand.—The first subdivision, B 1, is the so-called 
Greensand, or Glauconite Sand. It has a thickness of from 1 to 10 
feet, and covers the Dictyonema-slate everywhere in the northern 
cliffs of Esthonia, and in the prolongation of these cliffs throughout 
the government of St. Petersburg, as far as the lower Wolchow. 
The lower part of this subdivision is comparatively sandy, the upper 
somewhat clayey. The predominating green colour is produced by 
agglomerated grains similar to those formerly mentioned as occurring 
in the sandy layers at the top of the Blue Clay. These grains were 
regarded by Ehrenberg as casts of Foraminifera and small Pteropoda ; 
and he has described and named several of them in the ‘Monats- 
berichte’ of the Berlin Academy, 1861. In thesame layers, principally 
in the clayey ones, are found the famous Conodonts of Pander 
(they begin here, but are found also in higher stages), the real zoo- 
logical position of which has hitherto been uncertain; of other 
fossils are found only Obolus siluricus, Eichw., a peculiar Sipho- 
notreta, and a rather variable Lingula, reminding us, by its 
somewhat pentagonal form, of Lingulella Davisi, M‘Coy (see my 
memoir, p. 17, fig. 5). In geological position our Glauconite 
Sand corresponds exactly to the Ceratopyge-stage of Scandinavian 
geologists, although no traces of Trilobites are found. The syste- 
matic position of the Glauconite Sand, occurring, as it does, between 
the Dictyonema-slate and the Glauconite Limestone (the Lower Ortho- 
ceratite-limestone of Sweden) will not allow of any other parallelization. 
In England the Upper Tremadoc may be the corresponding stage ; 
yet Lingula Davisii commences its range there at a much earlier date. 

B 2, Glauconte Limestone.—The second substage, B 2, of our stage 
B is the so-called Glauconite Limestone. It attains a thickness of 
12-40 feet, the thickness increasing to the eastward. The uppermost 
layers of the clayey beds of the Greensand become impregnated with 
carbonate of lime, and are in this way intimately linked to the Glau- 
conite Limestone. The same glauconitic grains do exist in the lime- 
stone; but they are more scattered, and the limestone becomes in con- 
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sequence of a lighter green thanthe sand. Sometimes the limestone 
is of a reddish tinge, with intercalated dark-green grains, princi- 
pally in the lower strata. ‘The zoological character of the Silurian 
fauna seems to have suddenly changed at the commencement of the 
Limestone period. With the earliest Limestone bed several Trilo- 
bites appear. The most characteristic form for this substage is 
Megalaspis planilimbata, Ang. In addition there are found other 
Asaphide, and Cheirurus clavifrons, Dalm. The predominating Bra- 
chiopoda are Porambonites reticulatus, Pand., Orthis parva, Pand.,O.ex- 
tensa, Pand., O. callactis, Dalm., and Orthisina plana, Pand. Cephalo- 
poda and Gasteropoda, however, are wanting. In the higher strata of 
the Glauconite Limestone the glauconitic grains become smaller, and 
the limestone becomes softer and marly. Here isthe true horizon of 
the well-known Asaphus eapansus, Dalm., so frequently confounded 
with other species of the genus. In addition, we have other Asa- 
phide, as A. angustifrons, Dalm., and the large forms A. centron, 
Leuchtbg., and weutecauda, Ang.; Cheirurus clavifrons becomes more 
frequent ; Phacops (Pterygometopus) sclerops, Dalm., and the first 
representatives of lllenus, Lichas, and Ampy« appear, also the first 
Cystidean forms, Glyptocystites giganteus, Leuchtbg., and Echinoencri- 
nites angulatus, Pand. - Among others occur the first Chetetide and 
Bolboporites australis, Pand. This upper part of the Glauconite 
Limestone is more richly developed on the lower Wolchow at the S.E. 
end of Lake Ladoga. The lower part, with Megalaspis plani- 
limbata, has everywhere the same aspect, from the Wolchow as far as 
Baltischport on the Gulf of Finland, a distance of more than 300 
English miles. 

B3, Orthoceratite Limestone-—The succeeding stage, B 3, is the 
famous Vaginaten- or Orthoceratite Limestone. It has a relatively 
small thickness with us, from 3 to 20 feet; but the zoological 
character of the fauna is remarkably constant, not only here, but 
also in Scandinavia. In most places this stage consists of a 
hard grey limestone, and is crowded with the well-known Ortho- 
ceratites O. communis (duplex), Wahlb., and O. vaginata, Schloth. 
To the west of Reval it gradually passes into a sandstone: the 
Orthoceratites disappear ; but the other characteristic fossils remain. 
In the east (for example, upon the Wolchow) there is a gradual 
passage from the upper beds of the Glauconite Limestone to the 
Vaginaten-Limestone ; but in Esthonia we commonly find, at the 
base of the latter, a layer of about 2-3 feet thickness, filled with 
larger or smaller concretions of phosphate of lime, sometimes 
assuming a pisolitic character. The fauna of the Orthoceratite Lime- 
stone is generally well known both with us and in Scandinavia. 
Among Trilobites we may name Phacops sclerops and trigonocephaius, 
Chewurus ornatus, Dalm., clavifrons, Dalm., and affinis, Ang., 
Cybele bellatula, Dalm., Lichas celorrhin, Ang., and verrucosa, Eichw. 
(convexa, Ang.), Amphion Fischeri, Kichw., Illenus Wahlenbergi, 
Kichw., Asaphus heros, Dalm., Piychopyge globifrons, Kichw., Ampyx 
nasutus, &¢c. Among Cephalopoda we find, in addition to the common 
Orthoceratites, Lituites lamellosus, His. (convolvens auct.), L. faleatus, 
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Quenst., Gomphoceras Hichwalda, &c. : among Gasteropoda, Huompha- 
lus Gualteriatus, Kichw., Maclurea helix, Eichw., Metoptoma silurica, 
Kichw., Bellerophon locator, Kichw.; among Lamellibranchiata, Mega- 
lodon unguis, Kichw. Both classes, Gasteropoda and Lamellibran- 
chiata, appear here for the first time with us ; Hyolites and Conularia 
also appear for the first time at this stage. Among Brachiopoda, we 
find Orihisina concava, Pahlen, O. plana, Pand., Crania antiquissima, 
Kichw., Sephonotreta verrucosa, Kichw., &c. The other classes show 
no difference from those of the preceding stage. Yet I must mention 
that in the lower part of the Orthoceratite Limestone in Esthonia 
I found a very fine specimen of Phyllograptus, interesting from a 
stratigraphical point of view, as it renders it possible to parallelize 
our Orthoceratite Limestone with the Arenig of England. In Sweden, 
according to Tornqvist, the Phyllograptus-schist is intercalated 
in the Orthoceras-limestone; and the same author has already 
pointed out the similarity of the above-mentioned Phyllograptus- 
schists and the British Arenig. 


Stage C. C1, Echinospherite Limestone &e. 


Y 


The third principal stage, C, of our Lower Silurian may also be 
subdivided into three smaller stages. The first, C 1, is the widely 
spread Hchinosphewrites-limestone. We may follow it from the Wol- 
chow throughout our whole Silurian country as far as the island 
of Odensholm, and thence all over Scandinavia. Its thickness may be 
from 20 to 50 feet. By far the most characteristic fossils are Echino- 
spherites aurantium, Gyll., and Orthoceras regulare, Schloth., the 
former predominating in the upper part of our stage, the latter in the 
lower, although it certainly is not possible to trace all over the country 
two subdivisions individualized by the above-named fossils. Our stage 
C 1 is the richest in Trilobites, and is also very rich in many other 
classes; yet our knowledge of the fauna is by no means complete, and 
every year some new species may be discovered. The character of the 
fauna is not at all uniform; and many local faunas might be distin- 
guished. Among Trilobites we find Phacops (Pterygometopus) Pan- 
deri, mihi, the first species of the subgenus Chasmops, namely P. (C.) 
nasuta, mihi, precurrens, mihi, and Odini, Kichw., Cheirurus easul, 
Beyr., the subgenus Mieszkowskia with Cheirurus variolarts, Linnars., 
and Oheiwrurus gibbus, Ang., [Menus Schmidti, Niesz., tawricornis, Kut., 
Dalmanni, Volb., Asaphus Weissii, Hichw., Kowalewski, Lawr., 
devexus, Kichw., delphinus, Lawr., tecticaudatus, Steinh., Lichas tri- 
cusprdata, Beyr., and others; among Cephalopoda, Litwites perfectus, 
Wahlenb., ( Orth. undulatus, Quenst.), teres, Eichw. (both in the lower 
stage), Paleonautilus Odin, Kichw., Rom., Orthoceras regulare, Schl., 
vertebrale, Kichw., Cyrtoceras Odin, Kichw.; among Gasteropoda, 
Pleurotomaria elliptica, His., Eeculiomphalus alatus, Rom., Subulites 
priscus, Kichw., Bellerophon mcegalostoma, and many others; among 
Acephala a good many forms of Modtolopsis, and allied genera not 
yet well determined; among Brachiopoda, Orthisina ascendens, 
Pand., O. hemipronites, Buch, O. squamata, Pahlen, O. pyrum, 
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Eichw., Leptena transversa, Pand., L. convewa, Pand., L. oblonga, 
Pand., Strophomena imbreaw, Pand., Porambonites cequirostris, Pand., 
P. deformatus, Kichw., Orthis lynx, Eichw., O. calligramma, Dalm., 
&c.; among Echinodermata, the Cystideans Echinospherites awran- 
tium, Gyll., EH. balticus, Eichw., Hemicosmites malum, Eichw., and 
our oldest Crinoid Hybocrinus dipentas, Leucht. True corals do not 
yet exist; but the typical Chetetes petropolitana, Pand., C. hetero- 
solen, Keys., and C. Panderi, E. & H., occur very often. 

This stage corresponds to the uppermost Orthoceratite Limestone 
of Sweden, as developed in Oeland and Westrogothia, and also to the 
lower. part of the Chasmops-limestone of the same regions. The Cys- 
tidean limestone of Torngvist in Dalarne answers fairly well to our 
stage. Evenin Norway our stage has corresponding strata, according 
to Prof. Brégger. In the British Islands it is not possible to detect 
parallel stages: but in Canada, some parts of the Quebec group con- 
taining Cheirurus vulcanus, C. perforator, and C. glaucus may furnish 
material for comparison. 


C 2, Kuckers Shale (Brandschiefer). 


The upper stage of our group C, 7.¢. C2, is very marly. It is 
connected with C 1, as regards the fauna, but differs in its lithological 
aspect, as the stage is characterized by bituminous marls and lime- 
stones. This stage I can distinguish only west of St. Petersburg, 
from Djatlizy, as far as Odensholm, at the western angle of Esthonia. 
East of St. Petersburg the Kchinospherite Limestone is directly 
covered by the Devonian. The stage C2 excels all other stages 
among our Silurian strata by its beautifully preserved fossils. The 
best locality is Kuckers near Tewe, and I have given it the local 
title of the ‘Kuckers zone.’ In the bituminous marls all the 
minor forms of Beyrichiw, Bryozoa, &c. are wonderfully well pre- 
served ; and hence we can form a vivid idea of the old Silurian marine 
life. The thickness of the stage may be estimated at 30-50 feet. 
The fauna is very similar to that of stage C 1, as I have already pointed 
out; but yet some species have disappeared, and other allied ones have 
taken their places. Among Trilobites I shall name Phacops evilis, 
Kichw., P. (Chasmops) Odin, Kichw., Cheirurus spinulosus, Nieszk., 
C. (Meszkowskia) cephaloceras, Nieszk., Lichas conicotuberculata, 
Nieszk., Cybele rea, Nieszk., revaliensis, mihi, and others. Among 
other classes Plewrotomaria elliptica, His., Subulites priscus, Eichw., 
Bellerophon Czekanewsku, mibi, Hyolites striatus, Kichw., Nucula 
aedilis and N. macromya, Eichw., Siphonotreta unguiculata, Kichw., 
Pseudocrana planissima, Kichw., Porambonites teretior, Kichw., Or- 
thisina squamata, Pahlen, O. marginata, Pahlen, Orthis lyne, Kichw., 
O. dorsata, His., Echinospherites aurantium, Glyptocystites penniger, 
Eichw., Chetetes petropolitana, Polypora furcata, Kichw., Thamniscus 
bifidus, Kichw., &e. 

Our stage C 2 corresponds very fairly to the Chasmops-limestone 
of Scandinavia, occurring in Oeland, Westrogothia, and Norway. 
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C 3, Lifer Beds. 


The stage C 3 I have distinguished only at a few localities, prin- 
cipally at Itfer, north of Wesenberg in Esthonia. The fauna is 
nearly the same us in C 2, but there are found some peculiar Tri- 
lobites, as Spheerocoryphe Huebneri, mihi, and Chasmops Wrangeli, 
mihi. Besides these, some forms belonging to the stage D, for instance 
Mastopora concava, Kichw., begin to appear. It is an intermediate 
stage of about 20-30 feet in thickness, and consists of a hard lime- 
stone with siliceous concretions, like the lower strata of stage D. 


Stage D, or Jewe Zone. 


The stage D, or the Jewe zone, is very characteristic of our 
Silurian system ;: it can be traced on the map from Gatschina (south 
of St. Petersburg) as far as Spitham at the north-western angle of 
Esthonia. In the western part of our Silurian I have been able to 
distinguish two subdivisions, the Jewe zone and the Kegel zone; 
but in the east, in the Government of St. Petersburg (principally 
along the Baltic railroad), 1 could see only the uppermost. Both 
subdivisions together may reach a thickness of perhaps 100 feet, 
principally in the east, where, at the railroad-station Jelisawetino, 
an artesian well, beginning in the upper part of D, did not strike the 
Glauconite Limestone, B 2, even at a depth of 200 feet. 

The lower part of the stage D (the true Jewe zone) consists 
of siliceous marly limestone, the shells of fossils being very often 
silicified. Some fossils of the underlying stage C still occur, e. g. 
Echinospherites aurantium, Orthisina Schmidti, Pahlen, Orthoceras 
vertebrale, Kichw. But the leading fossils are Cheirurus pseudo- 
hemicranium, Nieszk., Henucosmites extraneus, Kichw., Mastopora 
concava, Kichw., and various conical casts (my memoir p. 33, fig. 6), 
undoubtedly of organic origin, but not yet clearly interpreted. The 
upper stage of D (the Kegel zone) is more marly (not siliceous), and 
is very rich in fossils, for example :—Lvchas deflexa, Ang., L. ille- 
noides, Nieszk., Chasmops bucculenta, Sjogr., Strophomena Asmusi, 
Vern., Orthisina anomala, Schloth., Cyclocrinites Spassku, Eichw., 
&e. Both stages together are very rich in Chasmops (6 sp.), and 
have a great variety of Bellerophons and Lamellibranchiata. The 
fauna of the stage D has not yet been well studied. In Scandina- 
via and the British Islands, as well asin North America, no une- 
quivocal representatives of our stage are found; yet the 7’rinucleus- 
schists of Sweden may probably be regarded as such. At the 
bottom of the Baltic sea, however, the Jewe zone may spread much 
further west, as in the island of Oeland and in the plains of North 
Germany many fossils belonging to this stage have been found in 
the Drift-deposits. 


Stage HE, or Wesenberg Zone. 


The next zone E, the Wesenberg zone, begins on the east of the 
Narowa river at the river Pljussa, and can be traced west through 
the whole of Esthonia in a direction parallel tothe Jewe zone. This 
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stage E consists of hard yellowish limestone, intercalated with 
marls, and is of a lesser thickness than the foregoing stage, never 
more than about 30 feet. The fauna is intermediate between the 
stages D and I’, and shows clearly some relations to the English 
Caradoc and the American Trenton groups. In the frequent occur- 
rence of Leptena sericea, Sow., and Strophomena deltoidea, Conr., 
some corals, as /avosites, sp., and Streptelasma, sp., and Gasteropoda, 
such as Murchisonia insignis, Kichw., it shows near relations to the 
stage F'; while other forms, such as Cyclocrinus Spasskit, Kichw., and 
Orthis testudinarva connect our stage with the foregoing stage D. 
In the same way the upper part of the Jewe stage (the Kegel stage) 
shows relations both to the lower part of the Jewe stage and to 
the Wesenberg stage (EK), and serves to prove that, as I said before, 
there has not been any distinct interruption or break in the evo- 
lution of animal life during the formation of our Lower Silurian or 
Ordovician sytem. The characteristic Trilobites of the Wesenberg 
zone are Phacops Nieszkowski, mihi, P. (Chasmops) wesenbergensis, 
mihi, Enerinurus Seebachi, mihi, Cybele brevicauda, Ang., Lichas 
Hichwaldi, Nieszk., [sotelus, sp., some of them passing over also to 
the lower strata of the stage F. 

In Scandinavia our stage Ki is not clearly represented. In that 
region, as during the formation of the Jewe stage, slaty rocks with 
Trinucleus- and Graptolite-schists were deposited. I have already 
pointed out that the general character of the fauna of our Wesenberg 
zone allows us to compare our strata with those of the Caradoc or 
Bala group of England and the Trenton of North America. 


Stage F. Lyckholm and Borkholiv Zones. 


Stage F (the uppermost of our Lower Silurian) is very rich 
in fossils, and very important also as affording means of correlating 
our rocks with foreign Silurian strata. With us it is restricted 
to Esthonia, and begins in the east near the Peipus Lake. It can 
be traced westward not only over the whole of the mainland of 
Esthonia, but also over the peninsula of Nucko, and the island of 
Worms and the northern part of Dago. I formerly separated this 
stage into two zones, the Lyckholm zone (2a) and the Borkholm 
zone (3). They are, however, so nearly allied in their faunas that I 
cannot separate them at present as distinct stages, but regard them 
rather as representing two subdivisions, the Lyckholm zone (F 1), 
and the Borkholm zone (F 2). The former consists of grey and yellow 
limestones and marls (often dolomitic); the latter of hard white coral- 
limestone. Both stages together may attain a thickness of 100 feet. 
The fauna of both subdivisions is very rich, the richest of all our 
Silurian stages, just as in the corresponding middle Bala group 
(Sedgwick) of Britain. The corals appearing in the foregoing stage 
are richly developed; most of the Upper Silurian genera are repre- 
sented already ; but the species are for the greater part different. The 
other classes are also very rich in species, namely the Gasteropoda, 
Cephalopoda, Acephala, Brachiopoda, and Bryozoa. There are also a 
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good many Encrinites ; but the species are for the most part not yet 
defined. ‘The Trilobites are restricted in number, and by no means 
so numerous as in the stages B and C. Several genera and sub- 
genera have their last representatives in this stage, such as Asaphus, 
Cybele, Chasmops, Pseudospherexcochus, and others. 

This stage is very well represented in other Silurian countries, 
in Sweden by the Leptena-limestone of Dalarne; in Norway by 
the Gasteropod-limestone (Brégger) of Porsgrund and Brewig; in 
Britain by the Caradoc sandstone, and the Coniston and Craighead 
limestones ; in America by the Trenton and Hudson groups. The 
Swedish Leptena-limestone at the Osmundsberg in Dalarne (I visited 
that locality)seems to me perfectly identical with our white Borkholm 
limestone ; and I must regard it as formed at the same time in the 
same ocean. The following list of identical fossils may possibly prove 
the correctness of my opinion :—Cheirurus (Pseudospherexochus) 
conforms, Ang., Spherexochus angustifrons, Ang., Cybele brevicauda, 
Ang., Harpes Wegelint, Ang., Bronteus laticauda, Ang., Primitia 
brachynotha, mihi, Orthoceras fenestratum, Kichw. ( funiforme, Ang.), 
Leptena Schmnidti, Torng., L. luna, Torng., Discina gibba, Lindstr., 
Propora conferta, EK. & H., Heliolites dubius, mihi, Syringophyllum 
organon, Linn., and many others. I cannot agree with some of the 
Swedish geologists and with Prof. Lapworth in regarding the Leptena- 
limestone as Upper Silurian, because of its association (the stratigra- 
phical conditions are not quite clear yet, according to Térnqvist) with 
the Retiolites- and Lobiferus-schists, which are said to correspond 
to British strata of Upper Silurian age. Of the British Bala group 
I may mention the following identical or nearly allied species in 
our stage F :-—Phacops (Chasmops) macroura, Salt., not Sjogr. (the 
Cat’s-head Trilobite), very near to our 7. Hichwaldi, mihi, Cheirwrus 
octolobatus, M‘Coy, allied to our C. conformis, Ang., Encrinurus 
multisegmentatus, Portl., Spherewochus angustifrons, Ang. (according 
to Tornqvist), Calymene senaria, Conr., Bellerophon bilobatus, Sow., 
Pleurorhynchus cf. dipterus, Salt., Strophomena expansa, Sow., 
Orthis vespertilio, Sow., O. insularis, Eichw., O. fissicostrta, M‘Coy, 
O. porcata, M‘Coy (solaris, v. Buch), O. Actonie, Sow. (Oswaldi, v. 
Buch), &c. The corals and some other classes are not yet accurately 
compared. The Norwegian black limestones mentioned before show 
a still greater affinity, for instance, in the large Gasteropoda Holopea 
ampullacea, Kichw., Subulites gigas, Kichw., Murchisonia bellicincta, 
Hall, and others. Prof. Brégger, I hope, will soon give us a de- 
tailed account of the Norwegian Lower Silurian as compared with 
the Russian, as in 1880 he visited our country and collected suffi- 
cient materials for that purpose. The Trenton and Hudson groups 
of America show also a very similar character in their fauna; and a 
more detailed explanation of the fossils of our stage F will. enable 
us also to make a more detailed parallelization with the corresponding 
American strata. | 


Uprrer Siturran (Silurian, Sedgw.). 
Our Upper Silurian (Silurian, Sedgw.) is very distinctly separated 
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from the Lower Silurian; no intermediate group like the English 
Llandovery can be recognized. There isa clear break with us in the 
development of organic life, notwithstanding the fact that the phy- 
sical conditions remain the same; forthe Upper Silurian strata con- 
sist of limestones and marls, like those of the Lower Silurian. At 
many places with us the lowest Upper Silurian, stage G, is observed 
in immediate contact with the highest Lower Silurian, F; but nowhere 
can there be any doubt concerning the geological age of these un- 
varying deposits. The same seems to be the case in Sweden. The 
island of Gothland shows a very full series of the Upper Silurian, 
but the Lower Silurian is entirely absent on that island; while, on 
the other hand, there are no traces of the Upper Silurian in Oeland. 
In Dalecarlia, as before mentioned, the relations of the Lower 
Silurian Leptena-limestone to the Lobiferus- and etiolrtes- 
Graptolithic schists are not yet clearly made out. In Norway the 
upper part of stage 5 of Kjerulf, described as being visible on the 
island of Malmo, belongs to our Upper Silurian, and the lower part 
to the Lower Silurian. Kjerulf did not separate the two divisions 
clearly ; but to me, during my explorations in the neighbourhood of 
Christiania, 1t seemed easy enough to trace the limit between the 
Upper and the Lower Silurian, the line of division between them 
answering clearly to that in our own country. Prof. Brogger, I 
hope, will clear up all remaining difficulties. 

The Upper Silurian of our country I divide into four stages, G, 
H, I, K, exactly corresponding to distinct stages or zones in the 
island of Gothland and, apparently, also to distinct stages in Norway, 
near Christiania. Compared with England, the lower stages G and 
H cannot be strictly correlated; but the upper ones (I and K) I 
regard without hesitation as corresponding respectively to the Wen- 
lock and Ludlow groups. 

The stages G and H are nearly allied to each other ; both of them 
are characterized by peculiar species of smooth (not ridged) Penta- 
meri, the former by P. borealis, Kichw., the latter by P. esthonus, 
Kichw. loth stages together may correspond also to the American 
Clinton group. As to the fauna, the corals and Trilobites are nearly 
the same in both groups, the common Upper Silurian Trilobites, 
Calymene Blumenbachu, Encrinwrus punctatus and Proétus conconnus, 
passing unaltered through the three stages G, H, and I. The cha- 
racteristic fossils of the different Upper Suurian stages are the 
Brachiopoda, as already pointed out in Gothland by Prof. Lindstrom, 
and also the Leperditice, as I endeavoured to prove in my memoir 
on the Silurian Leperditie of Russia and neighbouring countries 
(St. Petersburg, 1873). The Gasteropoda and Acephala of the 
stages G and H are not yet fully examined. 


Stage G. Substage G 1, Jorden Beds. 


The stage G (zones 4 and 5 of my former publications) can be 
subdivided into three substages. The first of these, the Jorden 
zone, G 1, consists of thin calcareous flagstones and marls, and may 
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have a thickness of 20 to 30 feet. It can be traced along the northern 
boundary of our Upper Silurian, from near the Peipus Lake at Pastfer 
as far as the island of Dago; there the localities Kallasto and Hel- 
terma belong to this stage, while the small island of Wobhi is still 
Lower Silurian (F 2). The characteristic fossils are Leperditia 
Hisingeri, mihi, Orthis Davidsoni, Vern., Strophomena pecten, Linn., 
Leptocelia Duboisi, Vern., Rhynchonella affins, Vern., Dinobolus 
Davidsona, Salt. 


Substage G 2, Borealis Bank. 


The next substage, G 2, consists almost entirely of agglomerated 
shells of Pentamerus borealis, Eichw. It forms a zone, wider in 
the east and narrower in the west, from near the Peipus as far as 
Hapsal, on the coast. Its thickness amounts to 40 feet. Some 
corals are mixed with the Pentamert. In the east it is not possible 
to find both valves together ; but in the west the shells are not 
so thickly crowded, but not more than a few wholly preserved speci- 
mens have been obtained. In the island of Dago the Pentamerus 
loses its predominant character, and near Kallasto specimens of it 
are found dispersed among corals and other fossils of the stage G 1. 


Substage G3, Raikill Beds. 


The substage G 3, or Raikill zone, occupies a rather large zone 
in Northern Livonia and South Esthonia. It consists of coral reefs 
and flagstones ; its thickness may attain perhaps 100 feet. Most 
fossils are the same as inG1] ; but Leperditia Hisingert becomes scarcer, 
and is replaced by L. Keyserlingi, mihi, found near Raikiill, the 
estate of the Count A. Keyserling, at which place the zone G3 is 
best exposed. Of Trilobites, besides the common forms mentioned 
above, we may name Phacops elegans, Sars & Boeck (characteristic 
also of the corresponding stages in Scandinavia). The limestone is 
mostly very hard and often dolomitic, so that the fossils have not 
been as yet studied sufficiently. 


Stage H, or Pentamerus-esthonus Zone. 


The stage H is our upper Pentamerus-zone (6 of my former publi- 
cations); it occupies also a large area south of G, and can be traced 
from Talkhof near Dorpat to the west end of Esthonia near Hap- 
sal. In the east, dolomites prevail; in the west, grey coral-lime- 
stones with numerous specimens of Pentamerus esthonus, Hichw. 
The specimens are not so crowded together as in the Borealis-bank 
(G2), and therefore well preserved examples are not scarce. The typi- 
cal Leperditia of this stage is L. abbreviata, mihi (formerly regarded 
by me as a variety of LZ. Hisingeri, mihi, or Schmidt, Kolm.). Of 
other fossils, besides numerous corals, such as Syringopora bifurcata, 
Lonsd., Favosites gotlandicus, and at least five species of Halysites, 
there occur already some forms of the next stage 1:—Bumastes 
barriensis, Sil. Syst., Orthoceras canaliculatum, Sow., Strophomena 
euglypha, Sow., Spirifer radiatus, Sow., and the typical Atrypa 


reticularis, Linn. 
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In Sweden our stages Gand H are distinctly represented on the 
island of Gothland—the Wisby group, determined by Lindstrom and 
myself, representing our stage G, and the lower part of the Middle 
Gothland, characterized by Pentamerus esthonus and the typical Le- 
perditia baltica, His., our stage H. In Norway I found both our 
stages on the island of Malmo, in the Bay of Christiania. On the 
eastern side of that island (still regarded by Kjerulf as belonging to 
the Lower Silurian, stage 5 5) I collected Leperditia Hisingert, Pha- 
cops elegans, Strophomena pecten; on the western side I met with 
Kjerulf’s stage 6, with Pentamerus esthonus and Leperditia baltica, as 
in the Middle Gothland. The comparison of both our stages G and 
H with British ones is rather difficult. In Britain the May-Hill 
Sandstone and Woolhope Limestone, with the Wenlock Shale, may 
be regarded as corresponding deposits. But the typical English 
Pentamerus oblongus, Sow., seems to be different from our and the 
Scandinavian species, both in a zoological and stratigraphical point 
of view, although Mr. Davidson has united our P. esthonus with P. 
oblongus. 'The former is much larger and always trilobed in front; 
it occurs with us and in Scandinavia in a geological horizon nearly 
allied to the English Wenlock Limestone; while P. oblongus, in 
England, belongs to the very bottom of the Upper Silurian, the 
May-Hill or Upper Llandovery group. On the other hand the large 
Pentamerus described and figured by Prof. J. Hall, from the Clinton 
group of America, as P. oblonyus, seems to be very nearly the same as 
our P. esthonus ; and so the general correlation of our stages G and H 
with the American Clinton group would present no difficulties, as 
even the other fossils seem partly to be identical. 

While in England we cannot observe any stages strictly corre- 
sponding to our zones G and H, yet in the far north, in the Petschora 
country, and in Kastern Siberia, we find exactly corresponding repre- 
sentatives of the above-mentioned stages. In Eastern Siberia, between 
the rivers Wilni (affluent of the Lena) and Olenek, there are Upper 
Silurian limestones, recognized by Meak and Czekanowski, with Caly- 
mene Blumenbachi, Phacops elegans, Strophomena pecten, Leptocelia 
Duboisi?, and the new Leperditia wilniensis, exactly the same as the 
limestones of our Jorden stage (G1); while on the lower Tunguska 
river, near Turnschausk, Czekanowski found coral-limestones with a 
Pentamerus very nearly representing our P. esthonus. In 1846, 
Count Keyserling had already described Silurian limestones on 
the Waschkina river, on the Arctic Ocean (near the mouth of the 
Petschora river, west of the Ural Mountains), with Pentamerus 
samojedicus (nearly allied to P. esthonus), typical Leperditia marginata, 
and common Upper Silurian corals, which also may be regarded as 
representing our stage H, or Kjerulf’s stage 6. 


Stage I, or Lower Oesel Zone. 


The stage I (formerly 7) occupies the south-west corner of our 
Silurian territory on the mainland of Esthonia, and a narrow space 
along the cliff on the north coast of the islands Mohn and Oeéesel. 
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This stage is doubtless a representative of the typical Wenlock 
Limestone of England. A long list of identical fossils might be ad- 
duced; for instance, Orthoceras annulatum, Sow., O. canaliculatum, 
Sow., Huomphalus funatus, Sow., sculptus, Sow., discors, Sow., 
Turbo striatus, Sow., Spirefer cyrteena, Dalm. (radiatus, Sow.), S. 
crispus, Dalm., Orthis rustica, Sow., O. elegantula, Sow., Lepteena 
transversalis, Sow., Cornulites serpularius, Schl., and the common 
Trilobites and corals. In the Swedish island of Gothland the cor- 
responding stage is the upper part of the Middle Gothland zone, and 
in Norway the stage 7 of Kjerulf. In America, as is well known, 
the Niagara Limestone is the equivalent. In our stage I, dolomites 
prevail, and so we do not possess so many good localities for collecting 
fossils as in Gothland. The best locality with us is St. Johannis, on 
the north shore of Oesel. ‘The thickness of the stage may attain 
60 feet. 


Stage K, or Upper Ocsel Zone. 


The stage K can as easily be correlated with the Ludlow group of 
England as the stage I with the Wenlock. It occupies the southern 
and western part of the island of Oesel, and may attain a thickness 
of perhaps 50-60 feet. Within its limits can be distinguished two 
different contemporaneous facies passing over into each other. On 
the south coast, and on the peninsula of Sworbe (the Kangatoma and 
Obhesaare Pank), grey limestones and marls predominate, with 
Spirifer elevatus, His., Atrypa prunum, His., Retzia Saltert, Dav., 
Rhynchonella nucula, Sow., Chonetes striatella, Dalm., Beyrichiatu- 
berculata, Klod., B. Wilkinsiana, Jones, and quantities of a large form 
of Ptilodictya lanceolata, Lonsd., and several Tentaculites ((nequalis, 
Eichw., and curvatus, Boll). The large Pterinea retroflewa and reticu- 
lata and Granmysia cingulata, His., are also common in some places. 
In Sworbe there are also found numerous specimens of Onchus, and 
small scales of Pachylepis, Pand. (nearly the same as Thelodus 
parvidens, Sil. Syst.). All the fish-remains were described in 1856 
by the late M. Chr. Pander. 

To the north-west of Arensburg, in the interior, and on the western 
shore of the island, the other facies is developed, yellow limestones 
with Leperditia phaseolus, His., Orthoceras imbricatum, Wahl., Spi- 
nigera didyma, Dalm., Chonetes striatella, Dalm., Murchisoma cin- 
gulata, His., Lucina prisca, His., Goniophora cymbeformis, His., 
Syringopora reticulata, His., and others. These yellow beds repose 
on dolomitic flagstones, in most places entirely devoid of fossils, but 
furnishing near the west coast of Oesel, at Rotzikill, a highly inter- 
esting Eurypterid fauna, exactly corresponding to that of the famous 
British locality of Lesmahago and the American Waterlime 
group. Iam now preparing a detailed description of the fossil 
crustaceans of this locality, and may mention here the results of 
my latest inquiries. The most frequent fossil is Hurypterus 
Fischeri, Kichw. (formerly called E. remipes, Dek., by Dr. Nieszkow- 
ski). I believe that nowhere can be found such abundant and such 
completely preserved specimens of this interesting genus. I have 
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been collecting at Rotzikiill upon several occasions, and I have now 
brought together such a large mass of materials, that nearly all the 
small details of the structure can be explained thereby. Nieszkow- 
ski, in his paper on Hurypterus (Dorpat, 1858), assumed six free 
thoracic plates ; I cannot now detect more than five, but this number 
is indubitable ; and I cannot agree with Dr. H. Woodward, who, ac- 
cording to Prof. J. Hall’s detailed but insufficient description, does 
not assume more than one of such thoracic plates. Certainly there 
has been a misconception on the part of Nieszkowski as to the cen- 
tral appendage ; but the positive existence of five free plates (corre- 
sponding to six in Zamulus) I shall be able to prove by numerous 
figures, taken from original specimens, and by a detailed description. 

A second discovery is a large Pterygotus, an intimate ally of P. 
gegas, Salt., but probably a new species. No wholly preserved speci- 
mens are found; but I possess allnecessary details, with the exception 
of the telson. Of peculiar interest also are three species of the genus 
Bunodes, Hichw., namely B. lunula, Kichw., B. rugosus, Nieszk., 
and B. Schrenckii, Nieszk., sp., (Hwvapinurus Schrencki, Nieszk.), 
and Pseudoniscus aculeatus, Nieszk. Both genera are perhaps 
most nearly allied to the British genus Hemiaspis, Salt., as I was 
kindly convinced by Dr. H. Woodward, on my visit to the British 
Museum in 1875. Dr. Woodward enumerates Hemiaspis among 
the Kurypterida ; but I believe that the three genera Hemiaspis, Bu- 
nodes, and Pseudoniscus should form a distinct family intermediate 
between Eurypterida and Trilobites. The want of strongly developed 
swimming-feet and other appendages on the lower side of the head, 
the distinct trilobation of the thorax, and the chemical constitution 
of the carapace (which is always destroyed in dolomites, like that of 
Trilobites, while the chitinous covering of Hurypterida even in dolo- 
mites is beautifully preserved) show the difference of the Hemiaspida 
and Eurypterida, and the near relation of the former to Trilobites, 
with which group the genus Bunodes was formerly classed by Eich- 
wald, in his ‘ Letheea Rossica.’ Besides the above-named crustaceans, 
I have yet to mention a large form of the Ceratiocaris-group, the new 
genus Cardiocaris, with a large cordiform dorsal shield, somewhat 
similar to the Carboniferous Dithyrocaris, Scouler. Of other classes 
in the Hurypterus-Dolomite there occur an Orthoceras, O. tenue, 
Eichw., with the shell destroyed, and two interesting Cephalaspidian 
fishes, Thyestes verrucosus, Kichw.,and Tremataspis Schrenckii, Pand., 
mihi, formerly figured and described by me in 1866, in the ‘Ver- 
handlungen’ of the St. Petersburg Mineralogical Society. The 
Eurypterus-strata are overlain by thin marly flags filled with 
the typical English Platyschisma helicoides, Sow., together with 
numerous specimens of Leperditia phaseolus, His. (Angelini, mihi), 
and small fish-scales of the genus Calolepis, Pand., and other 
minute fish-remains. Then follow the before-mentioned yellow 
limestones with Murchisonia cingulata, M. didyma, and Chonetes 
striatella. Inthe island of Gothland the same species of Hwrypterus 
is also met at the base of the uppermost Silurian stage, near Oes- 
tergari, and the same is also the case in Podolia on the Dniester. 
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Our stage K fully corresponds to the uppermost stage of Gothland 
(South Gothland according to Lindstrom and myself), to the highest 
Silurian stage in Norway (8 of Kjerulf), and to the Onondaga salt- 
group and the Waterlime group, together with the Tentaculite-lime- 
stone of New York. 


RELATION OF SILURIAN AND DEVONIAN STRATA. 


With us, as in Scandinavia and in England, the Silurian system is 
completed by our stage K and its corresponding strata already de- 
scribed. The Helderberg group of America, as well as the stages F, 
G, and H of Barrande, I should rather prefer to call Devonian, in ac- 
cordance with the views of Dr. Kayser. To the same lowest Devonian 
may belong also the so-called Upper Silurian of the Ural and Altai 
Mountains, with ribbed Pentameri and several Trilobites and Brachio- 
poda, reminding us of analogous forms of the uppermost Bohemian 
stages. In England as well as in Podolia and Galicia on the Dniester 
the uppermost Silurians pass gradually over into beds containing 
Cephalaspida, Pteraspida, and some new Eurypterida. It is difficult 
to decide the question whether these Cephalaspis-beds should also be 
named Devonian, or whether it would be more convenient to unite 
them with the uppermost Silurian, in which the above-named groups 
of Cephalaspida, Pteraspida, and Eurypterida are all known to 
begin. 

With us, in the Baltic Provinces, we have no traces of the above- 
mentioned passage-beds or the lowest Devonian. The Silurian 
strata are covered unconformably by the Old Red Sandstone, with 
Coccosteus, Asterolepis, Bothriolepis, Homosteus, and Heterosteus. The 
Devonian is superposed upon the Lowest Silurian (the Orthoceratite- 
limestone) in the east, on the river Sjas, and covers, the younger 
Silurian strata in turn as we advance to the west. Thus at Paw- 
lawsk it covers the Echinospheerite-limestone (C), near Gatschina the 
Jewe stage (D), on the Narowa the Wesenberg stage (KE), and in the 
west of Livonia, at Torgel, near Pernan, the stage H is covered by 
Devonian sandstones with fish-remains and the curious coaly stems of 
the still problematical Aulacophycus striatus, EKichw., regarded by 
Eichwald as an Alga, but having a coniferal structure, according to 
Géppert. Our Devonian rocks do not anywhere cover immediately 
the stage K ; and the two systems must be regarded as entirely in- 
dependent of each other throughout the whole extent of our eastern 
Baltic territory ; while the three divisions of the Silurian (according 
to Murchison and Barrande), or the Cambrian and Silurian of 
others, or the Cambrian, Ordovician, and Silurian of Prof. Lapworth, 
form one regular coherent series of strata apparently deposited in 
one and the same ancient ocean, to which series, so far as our country 
is concerned, I would prefer to attribute the name of a “‘ System.” 

The Swedish Silurian strata on the west side of the Baltic corre- 
spond so accurately to ours on the east side, according to the incli- 
nation of strata and the formation of the sea-shore cliff, that I found 
it possible to reconstruct a section through the Baltic, from Wiborg 
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in Finland to Kalmar in Sweden. ‘The section is delineated on 
page 59 (F 8) of my memoir, and may be repeated at this place. 


Ideal Section of the Silurian Formation between Wrborg m Finland 
and Kalmar in Sweden. 
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Conciupine REMARKS. 


In the foregoing pages I have merely given an account of the 
stratigraphical part of my memoir. J may now be permitted to 
make also a few remarks upon its paleontological contents. Com- 
mencing in the year 1853, but delayed by interruptions caused by Si- 
berian expeditions from 1859-63 and 1866, and by a long illness 
from 1868-70, I have spent the largest part of each stmmer in 
studying our Silurian system and in collecting fossils fromit. Ihave 
founded a separate Silurian collection in the provincial museum of 
Reval, where I have left sufficient room to place all the rich materials 
brought together every summer from the various points of our 
Silurian territory. In addition, Silurian fossils in the remaining 
museums of our country are at my disposal, for instsnce, the col- 
lection of Volborth, in the Museum of the St. Petersburg Aca- 
demy, the collection of Eichwald, presented to the St. Petersburg 
University, the collection of Pander in the St. Petersburg School 
of Mines, the collections at Dorpat in the University Museum and 
the Museum of the Natural-History Society, &c. Not only so, but 
I have visited several times the museums of Sweden and Norway, 
and the most important Silurian localities in those countries. In. 
1875 I had also the opportunity of studying for a few days the 
British collections. Moreover, I have studied divers collections of 
Silurian erratics in the museums of Northern Germany, from which 
region many species have been described which have not hitherto 
been found in their original beds. In this way it is possible for me 
to make full use at one time of all the different collections from our 
Silurians, brought together at different times by divers collectors ; 
and it is my purpose to perform the task of describing and figuring, 
in an accurate way, all our Silurian fossils, if my life be spared. 

The memoir I have just completed contains the descriptions and 
figures of three families of Trilobites, the Phacopide, Cheiruride, 
and Encrinuride, altogether 60 species. The number of all our 
Trilobites will be about 150 species, of which only 15 are Upper 
Silurian ; all the rest are Lower Silurian. The next part of my 
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monograph will comprise the Lichade, Calymenide, Acidaspide, 
and some other small groups, leaving the largest group, the Asa- 
phidee (about 40 species), to the third and last part. I try to follow 
every genus through the different stages and to investigate the 
changes undergone by it during the development of Silurian life. 

The accompanying map (Pl. XXIII.) is constructed on the scale of 
1: 1,500000, the same as that proposed by the Geological Congress for 
the new international geological map of Europe. I have marked on 
the map not only the three great divisions of our Silurian, but also 
the zones from A to K, and some of the subzones, so far as these 
subzones can be traced. The names on the map represent some of 
the most important geological localities. 


Inst of the Described Species of Phacopide, Cheiruride, and Eneri- 
nuride of the Silurian Rocks of the Baltic Provinces, arranged 
im accordance with Salter’s Monograph of British Trilobites. 
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Abroad 
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Pie Gat, Plauititits 20000... .cs0c06<s+|s5|oes vesfeesfece[eoe[eee[eee[eee{es.| MeTraties in Prussia. 
ee. Ch, Rosenthali, ih. .2c....:-|ecc\se|o0-le<.| sc. 
eee, Olaaries, HiChw. csc oac. odea|nes|ee seis) ealees|annl-on|end|selleex|an. | NORWAY. 
34, Ch. pseudohemicranium, 

LNEESE) EMM te bee 8 Oe CAE ws-[ess]ene[eefeas/e-.| Maeratics in Prussia. 


var. dolichocephala, 


Subgenus Spherocoryphe, Ang. 
9-11 (?) segments to the body. 


go. Oh..Huebneri, mihi .........|...]...|...|... 


of. Ch, granulatus, Ang. .........|...]...]...). .|...|... [Sweden (Delarne). 


——— 


Subgenus Pseudospherexochus, 
mihi. 

12 segm. to the body ; pleurzx 
nearly smooth, without impres- 
sions. Pygidium octolobate. ‘ype 
Spherexochus hemicranium, Kut.:) / 
of English Trilobites, perhaps 
Ch. octolobatus, M‘Coy, belongs 
to this subgenus. 


38. Ch. hemicranium, Kut. ......{+-+}+++ * 
39. Ch. Pahnschi, m7hi............ vee]eeeleee|ece[ees] % Pay * 
40. Ch. Reemeri, mihi ses[orefecefecelecefece|eee] % [ooe]oo-[eot]-oe] Himratics in IN, Germaamms 


a 


41. Ch. conformis, Ang. Nine NR seshon sib dul wasiccchaeil ess! OF Jose heal eels ema (Dalarne). 


Subgenus Mieszkowskia, mihi. 
12segmentsto the body, pleurz 
with a row of impressions. Py- 
gidium 4-lobed. Type Spherea- 
ochus cephaloceros, Nieszk., Cheir. 
Vulcanus, Bill. 


42. Ch. tumidus, Ang. .........6. HEME Vit toealeas (C2. lncctesel ceelterloes ne Nell 
imestone). a 


43. Ch. cephaloceros, Nieszk. ...|---|++-| * | * ‘ 
44. Ch. variolaris, Linnarss. ...|-+-|++-| * | * |ee-[eeefee SSelesolsndtostelsec Sweden ( Chasmops-| ; 
limestone). Erratics} — 
in Prussia. 


Genus Seuz#rexocuus, Beyr. | 
45. S. angustifrons, Avg. ......... be teoule esl way atlawel cas Filega| aeslpinoles Sweden (Dalarne), Eng- 
land. 

Genus Ampuion, Pand. 


46. A. Fischeri (Hichw.) ......... hs) Mileseleertes balepolieainl er eel calla Sweden § Orthoceras- 
limestone. 


Genus DIAPHANOMETOPUS, mihi 
(near Amphion). 


47. D. Volborthi, mihi ............ es 
Cheiruridz............ 2|7 10) 6 | 2 


[S) 
jae 
Or 


III. ENCRINURID/L. 


Genus CyseExe, Lov. 


48. C. bellatula, Dalm., (syn. 

Zethus  verrucosus, Paad., | 

POD B. )i ceagatec one eer eae %] *| ¥]...[... acl dal eaeted lagdlasalbres Sweden, Norway (Or- 

: | thoceras-limestone). 

49. C. revaliensis, mithi............|...[.-- ei eae ae IE alana sit ly sail dates Erraticsin N.Germany. 
OU MO. we, INIESZI.<. &. caccalpner emailer ae % | % 
DanC Grewinpki, 70M: fea.-snalanel: Glee eenleo | * 
52: (C. coronata, mihi 2.2.4. -deue-\senleocleost 
53. C. Worthi, Hichw. (Zethus 

petlatwlas,: OD.) a. c.dosecesevelese eee * 


OF THE BALTIC PROVINCES OF RUSSIA. jae 


ae Abroad 
2/3)1|2/3 
PO MAMINNS, MERE  . 02 <aenceoes-[oo-|ee! * 

Be OC MENLOTE, 000 1. 6025<004-|--2|e-2]s--[e0-|e-- */ | | ? 

om C. brevicauda, Ang.  .......0.|---|a<c|e--[---[--[-++ x | *|...]...[.-.|...| Sweden (Dalarne). 
Genus Encrinurvus, Hmmr. 
57. E. obtusus, Ang... vee[eee[eee[--| | Gothland. 

(58. E. punctatus, Wahl... ...|*|*|*|*| England, America, 
Sweden, Norway, Po- 
dolia. 

59. E. multisegmentatus, Pord/. .|...|. ...1%|...[..e1-.{-..| Leeland, erratics in N. 
Germany. 


60. E. Seebachi, mihi 
Encrinuridze 


4 |10)20|12) 6 |13) 6 |10) 2} 2) 1 


Next follows the genus Lichas, 
of which 22 species are already 
determined and drawn. 


EXPLANATION OF PLATE XXIII. 


" Fig. 1. Sketch Map of the Silurian (and Cambrian) Strata in the Hastern Baltic 
Provinces of Russia, St. Petersburg, Ingermanland, Esthonia, Li- 
vonia, and the Island of Oesel. 

2. Section through the Western Coast-region of Esthonia, from Werder 
to Odensholin. 

3. Section from Malla and Kunda in Esthonia, on the Gulf of Finland, to 
Talkhof, in Livonia. (From Prof. Grewingk’s Geological Map of 
Esthonia, Livonia, and Courland.) 


Discussion. 


Prof. Hueues could not understand why the author should regard 
the whole as forming a continuous series, when he admitted a pale- 
ontological break at the top of Sedgwick’s Cambrian, and the con- 
formity might be local or accidental, as was commonly the case in 
this country. 

Mr. Marr pointed out that the uppermost bed of group F had a 
fauna similar to that of the lower part of the Brachiopod shales of 
Sweden, and that certain blue shales of this series are not repre- 
sented in Russia; consequently not only is there a paleontological 
break at this horizon, but also deposits found elsewhere are absent. 
The beds of group G are correlated with the May-Hill beds, and 
represent both the upper and lower divisions. In Russia, therefore, 
as in other areas, there is a break at the base of the May-Hill 
group. The line which the author draws between Primordial and 
Lower Silurian is drawn at the base of beds which he correlates 
with the Ceratopyge-limestone, the equivalent of the Tremadoc 
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beds. This line is drawn at a different horizon from that which is 
taken by English geologists. There is therefore only one widely 
spread break occurring in this group of rocks, and it is that sepa- 
rating the Cambrian System of Professor Sedgwick from Sir Roderick 
Murchison’s Silurian System. 

Dr. Hicks bore testimony to the great value of Dr. Schmidt’s 
paper. He could see no reason for doubting the continuity of the 
whole series as maintained by Dr. Schmidt. It was impossible to 
believe that these stratigraphical breaks were universal, as Prof. 
Hughes and Mr. Marr seemed to suppose. 
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49, The Girvan Succession. By Cuartes Lapworrn, Esq., F.G.S., 
Professor of Geology and Mineralogy, Mason Science College, 
Birmingham.—Part I. SrratigrapHy. (Read June 7, 1882.) 


[Puates XXIV. & XXV.] 


ConreEnNTs. 
I. Inrropuction. 
1. Lower Palzozoic Strata of Girvan and the Southern Uplands of Scotland. 
2. General Characteristics of the Girvan Region. 
3. History of previous Discovery and Opinion. 


II. Puysican RELATIONS OF THE LowpR PAuzwozoic Rocks or GiRvAnN. 
(A) The Benan Conglomerate and its associated Strata. 


(a) Description of the Typical Sections of the Valley of the Stinchar. 
(1) Benan, (2) Kirkland, (8) Auchensoul &c., (4) Dularg, (5) 
Craigbickarae, (6) Auchlewan, (7) Minuntion. 
(6) Confirmatory Exposures of the Assel Valley. 
(1) Dupin, (2) Brockloch, (3) Shalloch Hill, (4) Letterpin. 
(c) Supplementary Exposures south of the Girvan Valley. 
(1) Aldons Quarry, (2) Tramitchell, (3) Millenderdale, (4) Dinvin, 
(5) Trowier, (6) Dow Hill, (7) Byne Hill and Kennedy’s Pass. 
(d) Fossiliferous Exposures north of the Girvan Valley. 
(1) Craighead Quarries, (2) Thunderton. 
(B) The Flagstone Series of Ardmillan and Penwhapple. 
(a) Description of the Transitional Zone of Balclatchie. 
(1) Balclatchie, (2) Barbae &c., (8) Ardmillan Braes, (4) Ard- 
millan Burn, (5) Laggan Gill, (6) Dow Hill. 
(4) Description of the at ae Section of Ardmillan Shore. 
(1) Ardwell Flags, (2) Whitehouse Beds, (3) Barren Flagstones. 
(c) Confirmatory Section in Penwhapple Glen. 
(1) Ardwell Flags, (2) Whitehouse Beds, (3) Barren Flagstones. 
(Z) Supplementary Sections South of the Girvan Valley. 
(1) Pinmore, (2) Hast and West of Penwhapple Glen. 
(C) The Inlier of Craighead and Glenshalloch. 
(a) Sections of the Inner Zones of Strata of the Quarrel-Hill Anticlinal. 
(i) The Barren Flagstone series of Farden and Quarrel Hill. 
(ii) The Trinucleus-bearing Shales of Drummuck. 
(1) Quarrel Hill, (2) Lady Burn. 
(6) Sections of the Outer Zones of the Quarrel-Hill Anticlinal. 
(i) The Conglomerate and Shelly Sandstones of Mulloch Hill. 
(ii) The Pentamerus-grits of Newlands and Craigwells. 
(iii) The Graptolitic Shales of Glenshalloch. 
(1) Newlands Burn, (2) Glenshalloch. 
(D) Strata between the Saugh-Hill Fault and the Camregan Limestone. 
(a) Section in Penwhapple Glen. 
(1) Diplograptus-modestus shales, (2) Grey Flags and Grits, (3) 
Monograptus-Sedgwickii mudstones. 
(0) Confirmatory Section of Saugh Hill. 
(c) Coast-area of Shalloch and Woodland. 
(1) Shalloch Forge, (2) Craigskelly, (3) Woodland Point. 
(E) Strata North of the Camregan Limestone. 
(a) The Camregan Limestone and its associated Strata, 
(6) Flagstones and Shales of Bargany and Straiton. 
(1) Lower portion of Penwhapple Glen, (2) Sections south of 
Bargany, (3) Blair Farm, (4) Knockgardner and Straiton. 
(F) Summary of Evidences and Conclusions respecting the Stratigraphy of 
the Girvan Succession. 


QiN.G_S8. No, 152. 20 


538 PROF. C. LAPWORTH ON THE GIRVAN SUCCESSION. 


I. InrrRopvuction. 


1. Lower Paleozoic Strata of Girvan and the Southern Uplands 
of Scotland. 


That portion of Scotland which hes to the south of the meta- 
morphic area of the Highlands is composed of two very distinet 
physiographical regions—the plateau of the Southern Uplands, and 
the low-lying district of the central valley of Lanark and Mid- 
lothian. In all their grander features, physical, geological, and 
economical, these two regions are strikingly contrasted. The 
Upland region is an elevated tableland, with a smooth, flowing 
contour of alternate hill and dale; its grass-clad surface, almost 
destitute of arboreal vegetation, is devoted to pasturage, and sup- 
ports but a scanty and sparsely scattered population. The surface of 
the Lowland region, on the other hand, is picturesquely diversified 
by steep hill-ranges, which are adorned with plantations of oak 
and fir, and enclose wide and fertile plains, highly cultivated, and 
inhabited by a numerous and wealthy population. Again, the 
Upland region is a land of Lower Paleeozoic rocks, composed of an 
endless repetition of dingy greywackes and shales, which repeat the 
monotony of the surface in the sameness of their petrographical 
characters. The valley-region is, by contrast, a land of Upper 
Paleozoic strata, of sandstones, limestones, coal, and volcanic rocks, 
as diversified in their mineralogical features as is the picturesque 
scenery to which they have given origin. Finally, the Lower 
Paleozoic rocks of the Uplands may be traversed for miles without 
affording a trace of a fossil or an interesting mineralogical specimen ; 
and only in one very limited locality are their minerals of the 
slightest economic value. The Upper Paleozoic strata of the great 
valley, on the other hand, are, alike in their fossils and minerals, 
among the most productive in the island. 

From the eastern sea-board near Dunbar, across the entire breadth 
of Scotland to a point almost within sight of the North Channel, it 
may almost be said that this violent contrast in the structure and 
natural characteristics of the two regions is maintained unbroken. 
The huge grass-grown slope, with its softly undulating sky-line, 
which marks the northern margin of the Upland, rises upwards like 
the edge of a vast terrace, and looks out far and wide over the 
Lowland region to the northward, with its varied surface of hill 
and dale. 


But at the south-western extremity of this marked boundary-line. 


lies a district which it is impossible to assign satisfactorily either to 
the Upland or to the Lowland region. This is the beautiful 
district of Carrick—the land of Craigs—which forms the south- 
western division of Ayrshire, and is drained by the waters of 
Girvan and Stinchar. In its physiographical aspect this district 
partakes of the characters of both the Upland and the Lowland 
regions. Its higher grounds repeat the flowing, mound-like, grass- 
grown forms of the Upland hills, with the straggling village, the 
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remote pasture-farm, and the lowly sheiling of the shepherd. Its 
-open valleys and less elevated grounds are those of the Lowland 
region, relieved by steep ridges clothed with copses of oak and fir, 
and sheltering fertile corn-lands and busy villages, inhabited by a 
population employed in mining and agriculture. 

To a large extent this union of the diverse peculiarities of these 
two physical regions in one and the same area is owing to the fact 
that there is an alternation of the distinctive strata of the two 
regions within its limits—its more elevated portions being formed 
ot Lower Paleeozoic rocks, and its low-lying sections floored by faulted 
patches of the more diversified Upper Paleozoic strata. But, 
strange to say, the majority of the diversified strata of this Carrick 
district are of the same general geological age as the monotonous 
Lower Paleozoic rocks of the Uplands, and many of the more abrupt 
physical features of the district are actually due to the local 
peculiarities of those strata as here exhibited. It is, indeed, true 
that upon several horizons in its succession we meet with strata 
whose dingy colours, monotonous lithological characters, and utterly 
barren nature are identical with those of the generality of the 
Silurian rocks of the Uplands; but, as a rule, the Lower Paleozoic 
strata of the Carrick district are vastly different in all their 
characteristics from their Upland counterparts. In their petro- 
graphical features they are fully as diversified as are the Upper 
Palzozoic strata of the central valley ; and this diversity in structure 
is accompanied by an astounding increase in the abundance and 
variety of their organic remains. Among the rocks of the Southern 
Uplands limestones are practically unknown, conglomerates and 
shelly sandstones are only occasionally present ; the interminable 
succession of barren greywackes and shales is but rarely inter- 
rupted by the occurrence of an insignificant seam of black mud- 
stone affording a few Graptolites. In the corresponding strata of 
Carrick, however, fossils of all the invertebrate classes, Hydroida, 
Actinozoa, Trilobita, Brachiopoda, and Cephalopoda, are more or 
less plentifully distributed throughout the entire succession, and, 
upon several horizons, even swarm in extraordinary profusion. 
Shelly sandstones and sandy grits, carbonaceous shales and Grap- 
tolitic mudstones occur in great force ; limestone is developed to an 
extent unequalled elsewhere among the Lower Palzozoics of the 
south of Scotland ; while the massive conglomerates and tumultuous 
boulder-beds attain a thickness and a geological importance as yet 
unparalleled in the Lower Palozoic world. 

In a further and yet more salient feature the rocks of this area 
are trenchantly contrasted with their counterparts of the Southern 
Uplands. In the Upland region, if we except the scattered trap- 
dykes and the intrusive granitic bosses of Cairnsmore and the 
Kells, igneous outbursts, either contemporaneous or subsequent, 
may be said to be unknown. In the west of the Carrick district, 
on the contrary, we find exhibited one of the most interesting 
igneous areas in Britain, whether we have regard to the diversified 
nature of its products, to their enigmatical mode of occurrence, or to 
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the ingenious and mutually destructive theories that have been 
framed respecting their manner of origin and their relationship to 
the aqueous strata in which they are enveloped. 

The physical geologist and stratigraphist, repulsed by the un- 
attractive features and non-fossiliferous character of the rocks of the 
Southern Uplands, has always turned to this Carrick district with 
sanguine anticipation. Convinced of the excessive difficulty and 
even uselessness of reducing the monotonous Upland strata to their 
natural order, he is the more readily persuaded that here, at least, is 
a region where his labours will be repaid with interest. Among 
rocks so varied and so attractive, and so prolific of fossils, the 
detection of the true key to the succession must surely be a delightful 
task, whose steps must be all easy and pleasurable, and whose end 
must be success. 

Within the last thirty years the rocks of this district have been 
studied, in whole or in part, by many of the most successful British 
geologists—by J.C. Moore, Nicol, Sedgwick, Murchison, and Geikie ; 
and they have been carefully mapped in detail by the officers of the 
Geological Survey. Their fossils have been collected in the field 
and studied in the closet by M‘Coy, Salter, Wyville Thomson, 
Davidson, Etheridge, Nicholson, and by a host of minor paleontolo- 
gists, past and present. They have been painfully tabled in cata- 
logues and figured in monographs; and their more striking zoological 
types have long been classic in the paleontological world. In brief, 
a blaze of scientific light has been concentrated upon this little 
district, more intense and sustained than upon any other Lower Pale- 
ozoic area of equal extent in Britain. Nevertheless our knowledge of 
the true sequence and characteristic. life-groups of the natural 
divisions of its fossil-bearing strata seems today as far off as ever. 
Of all the diverse theories of the succession held at present, 
officially and non-officially, there is not one that is not implicitly 
acknowledged to be vague, tentative, and unsatisfactory ; while the 
most popular and best-supported theory of all, that of Murchison 
himself, has long been known to be incompatible not only with the 
physical evidences obtainable within the district itself, but with 
that special palsontological gradation which is now universally 
recognized among the corresponding Lower Paleozoic rocks all over 
the world. 

The causes of this unsatisfactory result are not far to seek, and 
they are both physical and paleontological in their origin. Precisely 
as in the Lower Paleozoic rocks of the Uplands, the strata of the 
Carrick region are so convoluted by folds, and so intermingled by 
faults, that it is impossible to rely upon evidences of superposition 
derived from longitudinal sections traversing extended areas; and 
British geologists, trained in the less complicated Upper Paleozoic 
regions, have not hitherto found time or patience to work out the 
sequence in the only way in which success is possible, namely, 
painfully and elaborately, zone by zone, and bed by bed. 

The frequent repetition of strata identical in lithological characters 
upon many distinct horizons in the vertical succession affected by 
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these folds has resulted in the confounding of beds vastly different 
in geological age. The numerous longitudinal faults which cut 
through the district along the strike of the beds have brought into 
unnatural juxtaposition strata widely separated in the true vertical 
series; and, even where the sequence is the natural one, the 
predominating inversion has forced the conscientious stratigraphist 
to give the physical testimony an erroneous interpretation. 

The paleontological evidences, as they have been hitherto con- 
strued, have led to a confusion of opinion even more perplexing and 
disheartening. By far the larger proportion of the fossils recorded 
from this district have been obtained from a few limited areas, and 
at most from half a dozen different horizons, while all the inter- 
mediate and less fossiliferous strata have remained practically un- 
touched. The unfortunate habit of collectors of grouping together 
fossils according to the area whence they were procured, instead 
of the individual stratum to which they belong, has here been 
carried to excess. We find in the same local list species elsewhere 
of Wenlock, Llandovery, Caradoc, and even of Llandeilo age, all 
tabled together as if they had been obtained from one and the same 
stratigraphical zone. This has had its inevitable result, not only in 
hiding from view the defective stratigraphy, but in casting ridicule 
and even odium upon paleontological testimony in general. Hven 
Professor Ramsay, the former head of the Geological Survey, whose 
life has been’mainly spent in the study of the Lower Paleozoic rocks, 
unable to reconcile the numberless discrepancies between the apparent 
sequence, paleontological and stratigraphical, as here developed 
and that worked out by himself in the regions of Siluria, has been 
driven to the conclusion that these enigmatical Scottish rocks 
belong to an episode of a date between that of the Bala and the 
Llandovery, unrepresented among the fossil-bearing rocks of the 
South of Britain. 

Nor, until very recently, could any available light be brought to 
bear upon the difficulties which beset the study of the strata of 
Carrick, derived from testimony obtained among the Lower Paleozoic 
rocks that ‘le outside the district itself. The inevitable inter- 
mingling of the fossils of distinct zones in the tables of such classical 
works as Murchison’s ‘Siluria,’ M‘Coy’s ‘ Paleozoic Rocks and Fossils,’ 
Barrande’s - Systéme Silurien,’ and in the publications of the Geo- 
logical Survey, ran so fully in harmony with the supposed facts 
obtainable in Carrick, that no definite paleontological error was 
discernible of sufficient moment either to cast doubt upon the 
supposed physical sequence, or to stimulate inquiry into the less 
universally accepted theory of the intermixture in the same beds 
of so many distinct types of fossils. 

But, within the last few years, a more detailed study of the 
minor groups of strata recognizable in the Lower Paleozoic rocks 
of Wales has been most successfully inaugurated by Dr. Hicks. 
The subsequent investigation of the correspondent strata of Scania 
and Dalarne by the Swedish geologists has resulted in proving to 
demonstration that, even in sediments of such contracted vertical 
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dimensions as are there developed, the change of life-type seems to 
have been strictly dependent upon the progress of geological time, 
the successive fossil assemblages differing in facies among them- 


selves in proportion to the geological interval which separates them. — 


These discoveries have thrown a new light upon the magnificent 
results long since obtained by Barrande in Europe, and by Hall and 
his brother geologists in America, and have led some of the more 
sanguine students of British Geology to hope that, not only would 
the grand rock-systems of Lower Paleozoic age on this side of the 
Atlantic admit of a rude parallelism in areas now widely separated 
geographically, but that even their formations, subformations, and 
more important zones of life might in time be synchronized with 
average accuracy, and an ascending geological scale be thus con- 
structed comparable with that which has proved so valuable in 
correlating the Mesozoic strata of Britain and the continent. 

The further discovery that organisms of such a lowly type as the 
Graptolites followed the same law of slow development, specific 
culmination, and extinction as that long acknowledged to be cha- 
racteristic of the lite-periods of the higher groups of animals, has 
added great force to these views. It has allowed us to unravel 
with comparative ease the ascending sequence in one of the most 
complicated districts among the contorted strata of the Southern 
Uplands and has shaken the fashionable and mystifying doctrine of 
Colonies, as interpreted by British geologists, to its foundations.. The 
host of proofs which the detailed study of these fossils has disclosed 
that the supposed extended range and confused intermingling of 
their species does not actually exist, but is due, primarily, to 
defective stratigraphy, has led myself and others to suspect that the 
species of the remaining groups of Lower Paleozoic fossils will 
ultimately be found to have a similar restricted range in geological 
time, and, as a consequence, an equivalent value as indices of the 
systematic place of their containing stratum, and that paleontological 
evidences are destined soon to regain their ancient place in the 
regard of the working geologist among the older sedimentary rocks. 
The new interest and illumination thus cast upon the study of the 
Lower Paleozoic rocks are, it is hoped, certain to lead to the 
working out of these ancient strata upon a new and more minute 
plan, with the result of the discovery of a host of correspondencies 
at present unsuspected between British and foreign Lower Paleozoic 
sediments, and the gradual development of a detailed scheme of 
classification of widely extended application. 

Now, not only are these Lower Paleozoic rocks of Carrick of all- 
absorbing interest to the paleontologist and geologist from their 
highly fossiliferous nature and their enigmatical stratigraphy, but 
they afford all the elements necessary for a crucial test of these 
special opinions. If the asserted heterogeneous intermixture of 
fossil assemblages of all types, elsewhere characteristic of distinct 
horizons, were actually found to obtain amongst them, paleon- 
tology might well abandon her claim to be the unfailing handmaid 
of stratigraphy among the more ancient formations. If, on the 
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other hand, the cautious study of these deposits led to the demon- 
stration of the contrary opinion, 7. e. that their distinct fossil assem- 
blages were restricted, as in other lands, to different stratigraphical 
zones, British geologists would feel justified in attempting the 
correlation of their own Lower Paleozoic subformations with their 
nearest representatives all over the world. 

In the following pages I shall give the results of a personal study 
of these Carrick rocks as they are exposed in the area which lies 
immediately to the east and south of the sea-port town of Girvan. 
If the testimony here brought forward be accepted, we are not only 
forced to the conclusion that these Lower Paleozoic strata attain 
a thickness and a geological importance hitherto unsuspected, 
while in the definiteness and gradation of their component subfor- 
mations and in the abundance of their special fossils they bear 
favourable comparison with the classic deposits of Siluria itself, 
but we are also compelled to acknowledge that in the vertical 
sequence ot these subformations, in the direction and amount of 
the development of hfe—even in the grouping of certain genera 
and species and in the restriction of defined assemblages to special 
zones—they correspond to a most remarkable degree with the 
homotaxeous or synchronous deposits hitherto studied in detail in 
Southern Britain, Europe, and America. 


2. General Characteristics of the Girvan Region. 


The fossiliferous Lower Paleozoic strata which will be noticed in 
the present memoir lie within and around the extensive and more 
or less elevated tableland which separates the lower portions of the 
river-valleys of the Girvan and Stinchar. Westward, this plateau 
is abruptly truncated by the waters of the Firth of Clyde. Its 
seaward margin is formed by a line of almost vertical cliffs, based 
upon a coast platform, which is alternately a raised beach and a 
submerged fringe of dangerous reefs and skerries. Eastward, its 
limits are defined with tolerable distinctness by the commencement 
of a superimposed terrace, composed essentially of more recent 
voleanic rocks, of the general age of the Old Red Sandstone. The 
south-western portion of the plateau itself forms the subdistrict of 
Ballantrae, which is occupied by igneous and altered rocks of undeter- 
mined age, and which will be therefore only casually referred to in 
the present paper. The major portion, or main Girvan plateau, to 
which our attention will be chiefly directed, and which is based 
upon the fossiliferous deposits, has a length, from the coast near 
Girvan to the edge of the Volcanic Terrace of Garleffin, of about 
12 miles, and a breadth, from the edge of the Uplands to the 
southern slopes of the Girvan valley, of about 8 miles. 

In addition to this main exposure, the Lower Palozoic rocks 
make their appearance at the surface within the Girvan region in 
two subordinate and supplementary areas, viz. those of Craighead 
and Straiton. The Crazghead, or Mulloch-Hill area, is formed of 
the wooded ridges lying to the north of the Girvan valley. It isa 
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partially faulted inlier of about six miles in length, by one and a 
half in breadth, bounded on all sides by Old Red and Carboniferous 
strata. The Stratton area is a faulted strip of Silurian rocks five 
and a half miles in length, by half a mile in breadth, lying several 
miles to the east of the main district, and forming the nore 
edge of the Old Red Sandstone terrace of Garleffin. 

The southern boundary of the principal Lower Paleozoic area, or 
main Girvan plateau, is formed by the deep and narrow valley of the 
river Stinchar. Throughout the whole of its course in this region, from 
Barr to Ballantrae, the greatest width attained by this depression is 
about half a mile.- To the south of this valley, the hills of the 
Southern Uplands are seen sweeping upwards in rounded grass-clad 
forms into the barren moorland area of Beneraird and the Merrick. 
To the north, the valley-slopesare steep and frequently abrupt, a range 
of picturesque heights, some 1500 or 1600 feet in elevation, over- 
hanging the valley from Barr to Pinwherry. The numerous wind- 
ings of the stream below enclose patches of fertile alluvial flats, or 
haughlands, which have long been under cultivation. A few wood- 
lands and thickets margin the river, and creep partly up the hill-sides, 
while farmsteads and cottages are more than ordinarily numerous; 
but the valley in its general aspect is of the same peaceful pastoral 
character as those of the Southern Uplands. 

The valley of the river Girvan, on the other hand, which bounds 
this main plateau on the north, is altogether much wider, and is 
wholly differentin its physiographical aspect from that of the Stinchar. 
Along its southern margin the grassy steeps of the Hadyard, Saugh, 
and Straiton Hills plunge suddenly downwards from a height of 
several hundreds of feet, in a long straight line 10 or 12 miles in 
length running from Girvan to Straiton. Northward the depression 
is bounded by the wooded slopes of the inlier of Craighead and 
Mulloch. Between these limits the level valley has a breadth 
of from four to six miles, and stretches eastward into the interior as 
far as the eye can reach. Innumerable woodlands and numerous 
parks and mansions diversify its surface; and the frequent villages, 
hamlets, and farmsteads testify to the industry and wealth of its 
inhabitants. 

At the mouth of the river-valley itself lies the little sea-port town 
of Girvan, which gives its name to the entire district. Its inhabi- 
tants are largely of Irish extraction, and are employed in fishing 
and agriculture. 

The few streams that drain the Girvan plateau conveniently 
divide it into several well-marked subareas, individualized by cer- 
tain local peculiarities of scenery or rock-structure. The shallow 
upland valley of the water of Assel (Plate XXIV.) effectually isolates 
the mound-like area of Benan and Auchensoul, The rapid stream 
of Penwhapple has excavated a gorge, three miles in length and 

nearly a hundred feet in depth, across the very centre of the northern 
section of the plateau, sharply separating it into the two subdistricts 
of Saugh Hill and Knock-gerran. A fourth or coast-area is formed 
by the raised beach of Shalloch and Ardmillan, to the south of the 
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town of Girvan; a fifth by the narrow strip of Lower Paleozoic 
rocks forming the northward slope of the’ Hadyard and Garleffin 
Hills ; and a sixth by the lenticular inlier of Craighead and Mulloch 
Hill near Dailly. 

The whole of the important subarea of the Benan and Milljoan 
Hills, together with much of the adjoining subareas, is floored by 
sheets of boulder-conglomerates of enormous thickness and remark- 
able composition, amid which lie patches and lines of fossiliferous 
limestones scattered confusedly over the face of the country. The 
Saugh-Hill and Knock-gerran subareas are composed of repetitions 
of flagstones and grits of variable composition, occasionally inter- 
spersed with shell-bearing pebble-beds and seams of purple and green 
mudstone. The shelly sandstones and Trinuwcleus-shales, for which 
the Girvan district has long been famous, occur only in the Craighead 
and Mulloch-Hill area which les to the north of the Girvan valley. 
The barren strata exhibited in the fringing subarea of Dailly and 
Stradton to the south of that valley remind us of the greywackes 
and flagstones of the Southern Uplands. 

The strike of the Lower Paleozoic rocks cf the Girvan district is 
uniformly from N.K. to 8.W. The dip of the beds varies. In the 
northern parts of the main plateau they dip steeply to the south- 
east, while to the south they have as distinctly a north-westerly 
inclination. Hence the majority of geologists have hitherto regarded 
the rocks of this plateau as forming a regular synclinal trough, whose 
oldest strata lay along the outer edges of the plateau and the newest 
in its centre. 

Two gigantic faults have long been recognized as affecting the 
stratified rocks of this district. These occur on the opposite slopes of 
the valley of the Girvan, running approximately parallel to the 
general course of that stream, and throwing down between them a 
broad band of Carboniferous strata, from two to four miles in width. 
The northern, or Crarghead fault, has been proved for a distance of 
about 21 miles; while the southern, or Bargany fault, is in all 
probability of equal longitudinal extent. The general direction of 
these faults is from N.E. to 8.W.; in other words, their courses 
coincide with the general strike of the Lower Palozoic rocks of 
the region. ‘They are, in reality, strike-faults, whose existence 
would long have remained unsuspected were it not for the fact 
that, with respect to the overlying Carboniferous strata, they are 
more or less dip-faults, abruptly truncating the gently inclined 
Carboniferous beds, and flinging them down along two compara- 
tively straight lines among the perpendicular or highly convoluted 
Lower Paleozoic rocks below. 

A third fault, running along the southern slope of the valley of the 
Stinchar and having the same general N.E. to S.W. trend as the fore- 
going, was detected by Prof. A. Geikie during his detailed mapping 
of the district. By the officers of the Geological Survey the fault 
was originally looked upon as forming the southern limit of the 
Girvan district proper. ‘The barren and monotonous strata lying to 
the south of this fault were classed as being of Llandeilo age, while 
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the more varied and richly fossiliferous deposits lying to the north- 
ward were assigned to the Caradoc. 

I shall show in the sequel that these great faults are accompanied 
by a host of others, some of which are of even greater geological 
importance, and that to the presence of these gigantic dislocations 
many of the most vital difficulties which beset the study of the 
stratigraphy of this region are primarily due. 


3. History of Previous Discovery and Opinion. 


The earliest notice of the fossiliferous Lower Paleozoic rocks of 
Carrick occurs in a memoir on ‘Some Fossiliferous Beds in the 
Lower Paleozoic Rocks of Wigtownshire,” contributed to the Geo- 
logical Society of London by Mr. J. Carrick Moore, in 1849, and 
published in the Quarterly Journal of the Society for the foliowing 
year. The author, after describing the Graptolitic strata of the Gallo- 
way coast in some detail, gives a brief account of a fossiliferous lime- 
stone he had detected among the so-called Silurian rocks of Carrick. 
This limestone he had personally examined in five different localities 
in the valley of the Stinchar, and had procured from it many well- 
preserved fossils, principally Brachiopoda. These fossils he submitted 
to Mr. Salter, who at once assigned this Stinchar Limestone to the 
general epoch of Murchison’s Lower Silurian, and paralleled 
it with that of the Wrae Hill in the Uplands of Peebleshire, which 
had been recently brought into notice by the discoveries of Professor 
Nicol. In Salter’s description and figures of these Carrick fossils, 
published as an Appendix to Mr. Moore’s paper, we find the earliest 
notice of the genus Maclurea in Britain, together with incidental 
references to the collateral results of Professor Sedgwick’s simultane- 
ous discoveries in the Carrick rocks north of the Stinchar valley. 

At the meeting of the British Association held at Edinburgh in 
1850, Professor Sedgwick gave a verbal description of his partial 
study of these Carrick rocks, which he had studied in the field a year 
or two previously, and from which a large suite of fossils had already 
been collected under his superintendence. From the brief abstracts 
of his remarks subsequently published in the Report of the Associa- 
tion* and in the ‘ New Edinburgh Philosophical Journal’ +, we gather 
that Sedgwick recognized two successive groups of Lower Paleozoic 
strata in this region—a South-Girvan Group and a North-Grrvan 
Group. His South-Girvan Group, which included the Stinchar 
Limestone and all the remaining strata of the plateau south of the 
Girvan valley, was assigned, with doubt, to the Llandeilo formation of 
Murchison. His North-Girvan Group, which embraced all the 
strata of the Craighead inlier to the north of the Girvan valley, 
was more confidently paralleled with the shelly limestones then 
supposed to lie between the Llandeilo Flags and the higher Silurian 
rocks of South Wales. 


* Report British Association, 1850, pp. 103 &e. 
t Edinburgh Philosophical Journal, vol. li, pp. 253, 254. 
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Fired by Sedgwick’s animated descriptions of the strata of the 
Girvan region, Sir Roderick Murchison visited the district immedi- 
ately afterwards, in company with his friend Professor Nicol, and 
made a most careful investigation of its Lower Paleozoic rocks. 
Like Sedgwick, he brought away with him a large collection of the 
most characteristic fossils. These were subsequently submitted to 
the examination of the veteran Silurian paleontologist, Mr. Salter ; 
and, fortified by the corroborative evidence afforded by these forms, 
Murchison published his results in his general memoir on the 
*‘ Silurian Rocks of the South of Scotland,” read before the Society in 
1850, and issued in their Quarterly Journal for 1851 *. 

This memoir is characterized throughout by all Murchison’s 
keen geological insight, comprehensive grasp of detail, and 
brilliancy of generalization; and it remains to this day not only 
classic in respect of its origin, but the clearest, most comprehensive, 
and, if we have respect to the date of its appearance, the most 
reliable paper that has yet been published upon the Lower Paleozoic 
rocks of this region. 

According to Murchison the Silurian strata here displayed consist 
of three main groups—an upper group of schists and flagstones, a 
middle group of shelly sandstones and conglomerates, and a lower 
group of limestones and schists. The highest strata were supposed 
by him to lie in the trough of the apparent synclinal formed by the 
rocks of the great plateau between the valleys of the Girvan and 
Stinchar, and to have their northern representatives in the Trilo- 
bite (Z’ronucleus)-shales of Drummuck in the Craighead inlier. His 
middle division embraced the prolific shelly sandstones of Mulloch 
Hill, the Pentamerus-gritstones of Saugh Hill, and the barren 
boulder-conglomerates of Kennedy’s Pass. His lower division was 
supposed to be formed by the limestones of Craighead and the Stin- 
char with their characteristic Maclurea and associated volcanic and 
trappean rocks. 

His highest zone, or Orthoceratite-flagstone, had no definite geolo- 
gical date assigned it; but Murchison had no hesitation in paralleling 
the middle or shelly sandstone division with his typical Caradoc 
Sandstone of Siluria, which at that time included the Pentamerus- 
beds, or Llandovery rocks, as a subordinate member. The Stinchar 
limestones he placed in the Llandeilo, in the lowest or Arenig 
division of that formation as then received, which was supposed 
to be characterized by its many interbedded trappean rocks. 

Murchison’s conclusions, strengthened as they were by many clear 
sections worked out in the field, were in perfect harmony with the 
ideas then generally entertained with respect to the physical and 
paleontological succession among the typical Silurian areas of Wales 
and the west of England, and were at once accepted by the majority 
of geologists. 

In 1854 Professors Sedgwick and M‘Coy made their famous | 
discovery that the May-Hill, or Upper Caradoc Sandstone, or Pen- 
tamerus-beds of Siluria, had no connexion, either physically or 


* Quart. Journ. Geol. Soc. 1851, pp. 137 e seg. 
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palzontologically, as believed by Murchison, with the Bala formation*, 
but actually formed the base of Murchison’s Upper Silurian system. 
‘ This was soon followed by Murchison’s erection of the Pentamerus- 


bearing strata into the transitional formation of the Llandovery, and 
the extension of this improved classification to the corresponding 


strata outside the typical areas. 
In 1867 appeared the fourth edition of Murchison’s‘Siluriay, in 


which the veteran geologist incorporated and systematized these — 


and other advances in the classification of the Lower Paleozoic rocks 


necessitated by the results of the researches of the officers of the 


Survey under his direction and their amateur contemporaries. In 
this work these Girvan strata are noticed in some detail; and, 
assisted by Professor A. Geikie, Murchison attempted a more de- 
tailed correlation than that suggested in his earlier memoir. But, 
though not expressly advocated in words, the same general order 
of succession is retained unmodified, except that the higher beds are 


referred to the newly instituted formation of the Llandovery, and 


are described as indicating a passage into the base of the Upper 
Silurian. 

Confirmed in his original views of the general order of succession 
in this region by the new data supplied to him by Professor Geikie, 
Murchison again confounded the two distinct faunas of the shelly 
sandstones of Mulloch Hill on the north of the Girvan valley and 
the Pentamerus-gritstones of Saugh Hill on the south, and placed 
the much older fauna of the Ardwell and Penwhapple tlagstones 
above both. Nevertheless he recognized most distinctly the hetero- 
geneous character of the fauna of his middle group, and accounted 
for it on the theory that here ‘‘ as in England and Wales, particu- 
larly as we ascend the series, we meet with rocks in which the upper 
and lower types of fossils are mixed together ”’?. 

In the following year Professor A.Geikie§ published a brief résumé 
of the conclusions already reached by geologists respecting the 
sequence in the Girvan area, pointing out with great clearness and 
effect the tantalizing nature of the evidences obtainable in the 
district. 

In 1869 the detailed examination of the strata of the region by 
the officers of the Geological Survey having been completed, sheets 
7 and 14 of the one-inch maps of the district were issued to the 
public, accompanied by brief explanatory memoirs. 

In sheet 14 and its accompanying explanation we are presented 
with much that is new and of great value. The anticlinal disposition 
of the strata of the Mulloch-Hill inlier is shown with great distinct- 
ness; the superposition of the Mulloch-Hill sandstones to the 
Trinuweleus-shales of Drummuck established beyond dispute ; while 
a sufficiency of paleeontological evidence is adduced to make it evident 
that the former appertain to some portion of the Llandovery forma- 


* Phil. Mag. ser. 4, vol. vii. p. 301. 

+ Siluria, 4th edit. 1867, pp. 155-158. 

t Siluria, 4th edit. p. 157. 

§ Transactions Geological Society of Glasgow, vol. iii. p. 74. 
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tion*. At the same time the existence of the long strip of Silurian 
strata near Straiton is made known for the first time, and a well- 
founded suggestion thrown out that it is of Upper Silurian age. 

The new material supplied by sheet 7 and its explanation, which 
bears upon the rocks of the great plateau to the south of the Girvan 
valley, is, on other hand, comparatively unimportant. The rocks 
south of the Stinchar valley are described as of Llandeilo age, while 
the strata of the plateau itself, including the Stinchar Limestones 
and metamorphic rocks, are assigned to the Caradoc, with the du— 
bious exception of some indefinable patches of Lower Llandovery. 
The limestone of the region is said to occur in lenticular patches 
imbedded in conglomerates. Beyond a suggestion that the section 
seen upon the coast-line near Shalloch is a synclinal form’, and thus 
corroborative of Murchison’s opinion that the Ardwell Graptolitic 
flagstones are the highest visible beds upon the plateau, no evidence 
is adduced of an ascending sequence; and the description of the 
complicated rock-structure of the district is deferred until the pub- 
lication of the neighbouring sheet 8, which has not as yet (1881) 
made its appearance. 

This deficiency, however, is supplied to a large extent by Professor 
Geikie’s section of the rocks of the southern plateau inserted in the 
fourth edition of ‘Siluria’t. From this we gather that the synclinal 
recognizable upon the shore-line is prolonged into the interior of the 
country, and that, as Murchison originally asserted, the Penwhapple 
Graptolitic, flagstones occupy its centre. To the northward these 
are underlain by the Pentamerus-gritstones and pebble-beds of 
Camregan and Saugh Hill. The area of Benan Hill and of 
the Stinchar is occupied by a massive conglomerate haying no 
clear relations to the foregoing, and including two distinct bands of 
limestone. To the south of the Stinchar valley this limestone- and 
conglomerate-series 1s faulted against the barren greywackes of the 
Uplands, while to the north of the valley it is transgressively overlain 
by the boulder-beds of the higher ridges of Benan Hill, which are 
assigned to the epoch of the Middle Old Red Sandstone. 

The remaining publications treating of the sequence of the Lower 
Paleozoic rocks of Girvan may be dismissed in a few words, as they 
contain no definite physical evidences in support of the views advo- 
cated in them. In 1874 Mr. D.J. Brown, in a general paper on the 
Silurian rocks of the South of Scotland, advanced the opinion that 
the Caradoc of Girvan would be found to overlie the Llandeilo un- 
conformably, and that the Mulloch-Hill strata are the only beds 
that can with propriety be assigned to the Llandovery §. 

In 1876 the country was hastily examined by myself and _ its 
strata noticed in brief in the opening chapter of the ‘ Catalogue of 
Western Scottish Fossils,’ where the beds superior to the Limestone 
were arranged by me in two main groups, the Graptolitic flagstones 


* Explanation Sheet 14, Geol. Survey of Scotland, pp. 8 and 10. 
+t Explanation Sheet 7, Geol. Survey of Scotland, pp. 1-11. 

¢ Siluria, fourth edition, p. 156. 

§ Transactions Edinb. Geol. Society, 1874, pp. 316 &e. 
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of Penwhapple and Ardwell and the Trinucleus-beds of Drummuck — 
being there placed for the first time in their proper relative position, 
but erroneously assigned to the Llandovery*. 

The same year Professor A. Geikie published his Geological Map of 
Scotland, extending his classification of the Lower Paleozoic rocks 
of the Uplands into the Girvan region, replacing the Benan boulder- 
beds in the Silurian, and restricting the Caradoc colour to the Benan 
zone and the northern inlier of Mulloch Hill and Craighead. 

The host of palrontological works already published treating of 
the Lower Palzozoic fossils of this region make frequent references 
to the probable geological age of the more prolific fossil-bearing 
zones. The large collections originally made for Professor Sedg- 
wick afforded many of the most striking types of Silurian organisms 
figured in Sedgwick and M‘Coy’s ‘ Paleozoic Rocks and Fossils.’ 
Throughout that classical work are scattered frequent allusions to 
the probable parallelisms of Girvan beds and their prototypes in 
Wales and the west of England. In the Supplement to this work, 
issued under Salter’s care, subsequent to the death of Professor 
Sedgwick, these references are most accurate and valuable. 

The four successive instalments of Mr. Salter’s unfinished Mono- 
graph of the British Trilobites contain several peculiar types of 
Crustacea from this area; and the author, founding solely upon the 
paleeontological evidence before him, as interpreted by his intimate 
knowledge of the vertical distribution of Trilobites in the Lower 
Palwozoic rocks of Wales, invariably assigns the Stinchar Limestone 
to the Llandeilo, the Penwhapple Grits to the Caradoc, and the 
Mulloch-Hill Sandstone and the Pentamerus-beds of Saugh Hill to 
Murchison’s transitional formation of the Llandovery. 

The corresponding Monograph of the Silurian Brachiopoda, which 
forms the final division of Mr. Davidson’s great work, is greatly 
enriched by forms derived from the Girvan region ; and though the 
author is naturally less confident in his geological deductions than 
Mr. Salter, his correlations are generally identical with those of 
that paleontologist. 

In 1867, Professor Wyville Thomson described and figured 
some forms of Graptolites from the Girvan area, and on paleonto- 
logical grounds suggested a material modification of Murchison’s 
views of the succession, expressing his own opinion that the whole 
of the Girvan rocks belong to Murchison’s Lower Silurian, and that 
the Orthoceratite-flagstones of Penwhapple should be placed at the 
base instead of the summit of the series, and are probably followed 
in ascending sequence by the Mulloch-Hill Sandstones, Craighead 
Limestones, and Pentamerus- or Saugh- Hill Grits. 

The officers of the Geological Survey of Scotland have made im- 
portant collections from the rocks of the Girvan district. A list of 
their species is appended to the “Explanation of Sheet 3,” pub- 
lished in 1873; and upon the ground of the paleeontological evidences 
they afford, Professor Geikie rightly concludes that in the ‘‘ south- 


* Catalogue of Western Scottish Fossils. 1876, pp. 13 and 2. Compare also 
Lapworth Trans. Geol. Soc. Glasgow, 1879, pp. 78-84. 
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west of Ayrshire there occur representatives of Upper Silurian, 
Llandovery, Caradoc, and Llandeilo rocks” (p. 5). 

During the last twenty years the more prolific fossil-bearing strata 
of the Girvan region have been most successfully searched by Mrs. 
Gray, the wife of Mr. Robert Gray, F.R.S.E., of Edinburgh, herself 
a native of this beautiful district. Aided by the various members of 
her family, she has collected from these beds a magnificent series of 
organic remains of all types, numbering at present between 20,000 
and 30,000 specimens. ‘This collection, which has been most gene- 
rously placed at my service by Mrs. Gray, is at present under pro- 
cess of description in the well-known ‘ Monograph of the Silurian 
Fossils of Girvan’ of Nicholson and Etheridge, and will be noticed 
more fully in the second portion of the present memoir. 

In the three instalments of this important Monograph of the 
Girvan fossils by Professor Nicholson and Mr. R. Etheridge, Jun.,a 
view of the general sequence on the same lines as those sketched out 
_by Salter is advocated, and an attempt made to fix with more definite 
precision the geological date of some of the more fossiliferous zones. 
Founding upon the vertical distribution of the Trilobites, Mr. 
Etheridge suggests a Lower Bala age for the Stinchar Limestone, and 
a Caradoc age for that of Craighead and the Trilobite-flagstones of 
Penwhapple, and unites the Trinucleus-shales of Drummuck, the 
shelly Sandstones of Mulloch Hill, aud the Pentamerus-Grits in the 
Llandovery. Professor Nicholson, on the evidence of the Corals, 
parallels the Craighead Limestone and Penwhapple beds (Balclat- 
chie) with the upper part of the Trenton of N.E. America, and 
classes the Mulloch-Hill Sandstones and Pentamerus-gritstones and 
their equivalents in the Upper Llandovery or May-Hill group. 

The remaining paleontological works treating of the fossils of the 
district will here be passed over, as none of them deal seriously with 
the vexed question of the ascending succession *. 


IJ. Paystcat Rexarions or THE LowER Patmozorc Rocks 
oF THE GiRvAN RuGIon. 


(A) Tar Benan ConGLOMERATE AND ITS ASSOCIATED SrRaTA. 


In attempting the development of the true physical relationship 
of strata so crumpled and dislocated as those of the Girvan region, 
our first task is to select some definite stratigraphical zone, as 
general datum-line or horizon of reference, from which to commence 
our labour, and to which to refer, as often as occasion requires, the 
several results of our more detailed investigations. An horizcn 
suitable tor this purpose must, almost of necessity, be composed 
of strata of a lithological character sufficiently striking to be 
identifiable upon all occasions with ease and certainty. It should 
be of sufficient thickness to form, at least, a distinctly marked 


* A list of 21 paleontological memoirs bearing upon the Girvan fossils will 
be found in the Bibliography appended to the chapter on Silurian Geology 
inserted in the ‘ Catalogue of Western Scottish Fossils, 1876, pp. 25-28. 
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feature in the ascending sequence ; and, to be completely satisfac- 
tory for our special purpose, it should be of wide horizontal extent, 
so that it may afford a large number of points of reference upon the 
ground itself, that there may be no possibility of doubt or ambiguity 
as respects its true relationship to the remaining members of the 
succession. 

It is, in truth, most fortunate for the student of the stratigraphy 
of the Girvan rocks that all these desiderata are afforded him by 
what is actually the most remarkable formation in the Girvan 
region—the great Boulder-conglomerate of Benan Hill; its extra- 
ordinary petrological character, composed, as it is, of masses of 
rounded boulders heaped tumultuously together in a faintly stratified 
sandy matrix, renders it identifiable at a glance in the field ; its great 
thickness, as displayed in Milljoan and Pinjerroch, where its almost 
horizontal beds are apparently piled one above the other to more than 
1000 feet in height, makes it, geologically, one of the most important 
members of the Girvan succession ; lastly, in its geographical ex- 
tension it excels all its sister formations, stretching im one vast 
and almost continuous band more than a mile in width from end to 
end of the entire region. 

Selecting, therefore, this great Boulder-conglomerate as our 
general horizon of reference, we commence the description of the 
Girvan succession by an account of the stratigraphy of those subareas 
where its true relationships are most effectively displayed. 


(a) Description of the Typical Sections of the Valley of the 
Stinchar. 


The subarea which most satisfactorily exhibits the development 
and interrelationships of the great Boulder-conglomerate and its 
associated strata within the Girvan region is the mound-like ridge 
lying to the north-west of the little village of Barr and its bounding 
valleys of the Assel and Stinchar. The general contour of this area 
rises in successive steps from the average level of these valleys in the 
west, to a height of nearly 1200 feet in the east, where it merges 
into the elevated Old Red Sandstone terrace of Garleffin. Its three 
rounded summits of Benan Hill, Pinjerroch, and the Mull of Mill- 
joan rise in succession abruptly from the southern edge of the long 
straight valley of the Stinchar to the respective heights of 900, 
1000, and 1100 feet, forming between them a broadly rounded 
ridge, which occupies a superficial area of at least 15 square miles. 

The whole of this ridge, together with its outlying dependencies of 
Barr and Balclatchie, from the low-lying river-valleys that bound it 
to the summit of its highest point, is composed almost entirely of 
one continuous sheet of the coarse Boulder-conglomerate. It is 
here made up of rounded masses of stone of all dimensions, from 
blocks several feet in cubical extent to chips the size of a marble. 
These blocks are generally of igneous origin, consisting of granites, 
porphyries, serpentines, and various felsites; they are occasionally 
intermixed with pieces of white and red quartz, and with rarer 
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fragments of hardened rocks, sandstones, and greywackes. These 
are all intermingled confusedly together in a sandy or ashy paste, 
composed of the sanie materials as the included pebbles, and usually 
of a dull greenish colour, but occasionally purple and sometimes 
almost black. All the included blocks are well rounded and smoothed 
by aqueous action ; angular chips are extremely rare, and the grains 
of the matrix itself, except when distinctly ashy and crystalline, bear 
evidence, in their rounded forms, of long-continued attrition by 
* water. 

The physical geologist who attempts the study of this area finds, 
scattered confusedly over the surface of the ridge, patches of lime- 
stones and calcareous shales, trenchantly individualized by many 
well-marked lithological peculiarities, but having the most enig- 
matical relations with respect to the surrounding conglomerates. 
In their topographical distribution these calcareous rocks at first 
sight appear most capricious. In one locality an interrupted line 
of exposures of these peculiar beds can be traced for some distance ; 
but suddenly it dies out in the most unexpected manner; and in 
the direction in which we should naturally expect its prolongation 
we find, instead, the great conglomerate extending continuous and 
unbroken. Nor do the many sporadic sections of these calcareous 
beds seem to possess any definite characteristics in common that 
would allow of their being paralleled in detail and brought into any 
thing like intelligible interrelationships among themselves. In one 
spot we find a mass of flaggy limestone 50 feet in thickness, without 
a trace of other fossiliferous strata; in a second, a similar thickness 
of calcareous shales bears it company ; in a third, shelly sandstones 
and grits are also present in force. But while no two consecutive 
exposures offer us a succession precisely similar among the beds 
distinct from the great conglomerate, they all agree in the one fact 
that both above and below them the great conglomerate itself is 
seen in force with all its characteristic features, its gentle dip, and 
persistent N.E. and 8.W. strike. 

Nor are these the only difficulties. In some spots the conglo- 
merate is separated from the flaggy limestones by several feet of 
concretionary shales ; while in other spots not a trace of these shales 
is visible, but in their place the strata afford proof of an apparent 
unconformability. Boulders and nodules of the limestone are found 
in the lowest beds of the immediately overlying conglomerate; and 
the latter seems to repose irregularly in the hollows of the eroded 
upper face of the limestone itself. 

Recognizing these complexities, and impressed mainly by the 
two grand facts of the interrupted nature of the calcareous beds 
and the apparent erosion at their summit, the officers of the Geological 
Survey, after mapping this subdistrict, adopted the only conclusion 
that seemed open to them, and taught originally that the limestones 
were irregular and sporadic phenomena, that they were imbedded 
in the great conglomerate, and that the combined mass was trans- 
gressively overlain by a second conglomerate, which, to judge from 
its gentle inclination, was probably of Old Red Sandstone age. When 
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subsequently they detected proofs of a possible unconformability at 
the base of the Caradoc beds of the Uplands, this Benan unconforma- 
bility seemed to be very naturally accounted for, and its theoretical 
age was altered to the epoch of the Lower Bala. 

Now, to a geologist who studies the strata in a general way, 
the foregoing conclusions are inevitable; and upon this ground 
the officers of the Survey were amply justified in their deductions. 
But when these enigmatical calcareous zones are studied foot by 
foot, and each exposure is compared minutely with its neighbours, 
very different conclusions are arrived at,.and the stratigraphist is 
soon delighted to discover incontrovertible proofs of an orderly 
sequence, explanatory of the visible phenomena in every locality, 
and exhibiting the most perfect harmony in all its parts. 

In the steep slopes of the hills of Benan and Auchensoul, which 
overhang the north bank of the valley of the Stinchar, a line of 
ancient lime-quarries is visible. These mark the place of a thick 
band of limestone, which ranges uninterruptedly from the farmstead 
of Minuntion to that of Auchensoul, a distance of about three 
miles. Throughout this extent, the limestone, beyond occasional 
and insignificant local slips, is unbroken by dislocations, and is 
fully exposed to the investigator in numerous artificial excavations, 
and in the beds and banks of the many little brooklets that drain 
the grassy summits of the Benan Hills. From end to end of this 
line, the limestone plunges into the hill-side at an angle of about 
forty-five degrees, below the wide-spreading and continuous mass of 
coarse Boulder-conglomerate already noticed, of which the higher 
points of Benan Hill and the neighbouring heights are composed. 

1. Benan Burn.—About midway along its course the limestone 
and its associated bedsare admirably exposed in the banks of the little 
stream of the Benan Burn, where the highly instructive section is 
displayed which is generalized in the accompanying figure (fig. 1). 

The coarse green boulder-conglomerate of the region, which 
occupies the high ground of the ridge above, forms here a semicircle 
of steep slopes, partly enclosing a cirque-like area in the hill-side, 
where four little streams take origin that unite to form the Benan 
Burn. ‘These steep grass-clad slopes show miniature cliffs of naked 
rock, composed of well-bedded masses of the great Benan conglo- 
merate, showing all its characteristic features and dipping steadily 
into the hill-face at an angle of from forty to fifty degrees. The 
four rills unite in the centre of this cirque-like area; and a few 
yards above their point of confluence the coarse conglomerate 
suddenly ceases, and the naked banks of the most westerly rill show 
that we have here reached its basal beds, and that they repose upon 
a set of greenish concretionary shales and mudstones haying the 
same trend and inclination as the conglomerate itself. 

Didymograptus-shales.—These shales (Ab*) have a collective thick- 
ness of about 30 feet. They are of a greenish-blue colour, hard, 
nodular, and more or less concretionary in structure, but of a fine 
texture and distinctly laminated. Under the hammer they break 
up into well-rounded nodules and irregularly concentric flakes. They 
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Fig. 1.—Typical Section of the Strata of Benan Burn. 
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Ac. Green Conglomerate of Benan Hill. 


Ab. Stinchar Calcareous group :— Aa. Kirkland group :— 
Abt. Didymograptus-shales. Aa*. Red and grey Sandstones. 
Ab?. Compact Limestones. Aa’. Purple Conglomerate. 


Ab*. Maclurea-beds. 
Ab!. Orthis-confinis Flags. 


are more or less calcareous throughout, effervescing distinctly on 
the application of acid. 

They contain a few fossils, principally Graptolites, and those 
Linguliform Brachiopoda which are generally found in Graptolitiferous 
deposits. The Graptolites are procurable in fragments only, owing 
to the easily shattered nature of the shales and their concretionary 
structure, which render it a matter of impossibility to obtain a flat 
surface of large extent parallel to the line of bedding. But this 
defect is more than counterbalanced by the fact that the few frag- 
ments obtainable are all preserved in their full relief, allowing of 
their immediate specific identification. 

The forms of Graptolites collected by myself from these green 
shales at this spot include :— 


Didymograptus superstes, Lapw. Glossograptus Hincksii, Hophk. 
Dicellograptus sextans, Hall. Cryptograptus tricornis, Carr. 
Clathrograptus cuneiformis, Lapw. Diplograptus rugosus, Him. 


The Brachiopoda are of few species, and embrace Aerotreta 
Nicholsoni, Dav., Siphonotreta micula, and a few forms of Lingu- 
lide. 

Compact and nodular Inmestones.—Below these Didymograptus- 
shales we come suddenly to a mass of pale limestones (Ab?+%) 
admirably exposed in the beds of the little rills, in several artificial 
quarries, and in many occasional exposures seen below the cliffs of 
conglomerate in the surrounding slopes. The masses of pale lime- 
stone, pitted with innumerable superficial depressions, due to the 
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long-continued action of the weather, contrast trenchantly with the 
dark-green conglomerates of the cliffs above. The limestone is di- 
stinctly bedded in strata of flag-like character, from a few inches to 
two feet in thickness. The planes of bedding are, as a rule, per- 
fectly regular; but occasionally their upper surface is more or less 
wrinkled or undulated, and the little hoilows thus formed are filled 
with flakes of greenish shale, calcareous, and more or less concre- 
tionary in structure. 

The thicker limestones, when split open, show, on rare occasions, 
an irregularly laminated interior, and the mass admits of being 
broken down into irregular flakes or sheets of aninch or so in thick- 
ness. But, as a general rule, the interior of the rock is quite homo- 
geneous. It is of a dull grey tint, passing into black in its more 
compact parts, and shading off into a dull greyish green where of 
a more open character. In texture it is usually firm and compact, 
detached plates ringing under the hammer lke clinkstone. When 
fractured it flies off in conchoidal fragments having much the 
appearance of hornstone or flint, with clouded surface and trans- 
lucent edges. 

In the more massive beds no trace of a fossil is discernible, and 
even in the less hardened parts there is generally little evidence of 
their presence beyond certain dim nebulous outlines, hardly suggestive 
of specific form. When greatly weathered, however, as in the many 
stone walls of the neighbouring fields, the fossiliferous nature of 
the nodular limestones is apparent at a glance; the faces of the 
bedding-planes are covered with elevated knots and patches, due to 
the former presence of corals and shells, the finer structure of the 


former and the half-obliterated outlines of the latter being easily | 


recognizable by the eye. The spiral lines characteristic of the 
natural sections of the beautiful genus Maclurea are by no means rare 
under these circumstances ; and the delicate structure of the peculiar 
coral-like Tetradium is even more abundant: while on rarer occasions 
we find patches covered with the roe-like Saccammina, occasional 
fragments of Trilobites, fractured Brachiopoda, and the like. 

These limestones fall very naturally into two main subdivisions 
—a higher group of hard limestones (Ab*), with rare dividing seams 
of calcareous shale and but few fossils; and a lower group of impure 
nodular and flaggy beds (Ab*), which show, when fully weathered, 
abundant shaly partings and frequent examples of Maclurea Logan. 

In these compact and nodular beds the calcareous matter is 
tolerably pure, and the limestones admit of being burnt for agricul- 
tural purposes; while in the underlying laminated beds next to be 
described the strata are largely impregnated with aluminous matter, 
and are of no special economical value. 

It is difficult, if not impossible, to give an exact estimate of the 
united thickness of the compact and nodular limestones. To judge 
from the space they cover upon the ground, and from their vertical 
extent when plotted in section, it cannot be less than 60 or 70 feet ; 
but in no locality elsewhere do they actually reach this thickness. 

Orthis-confinis Flags.—In the locality under description the 
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impure Maclurea-limestones, already noticed, pass downwards into 
-a similar thickness of calcareous flagstones, with way-boards and 
intercalated seams and fiakes of greenish or brownish shales and 
mudstones (Ab’). These are well exposed in the banks and bed 
of the little stream of Benan Burn; and their inferiority to the 
limestones is demonstrated by the fact that they can be followed by 
the eye coming out from below the latter in the steep slopes in 
regular order, and insensibly graduating from them in their petro- 
graphical characters. 

In the upper limestones, as we have shown, the texture of the 
rock is usually firm and compact; and the calcareous matter 
being evenly distributed, the rock itself is solid and homogeneous 
throughout. In these underlying flagstones, on the other hand, the 
lime is not only much smaller in amount, but it 1s much more 
capriciously distributed, and the rock weathers more irregularly 
under the influence of the atmosphere. Instead of the hard, white, 
compact, and flinty-looking sheets of the upper beds, we now 
find the strata degenerating into a kind of impure flagstone or 
calcareous sandstone, containing nodules of lime, and assuming 
in places a honeycombed structure, whose hollows are filled 
exteriorly with soft rottenstone, which gives to the group a peculiarly 
dull clive-brown colour. In the steeper cliffs the soft rottenstone 
becomes wholly washed away, and the deeply honeycombed flaggy 
rock puts on a most peculiar and characteristic appearance. 

In the compact limestones above fossils are, as we have shown, rare 
and excessively difficult of extraction; in these impure flagstones 
below they are, on the contrary, generally abundant and easily procured. 
They are, however, almost exclusively Brachiopoda, viz. Orthis con- 
jimis, Salter, O. alternata, Salter, Strophomena grandis, &e. Of these 
the species Orthis confims, Salt., is emphatically the most abundant 
and characteristic, occurring everywhere throughout the region 
where these strata are exhibited, and occasionally abounding to the 
exclusion of all others. 

Transitional Sandstone.—The bottom beds of these Orthis-confinis 
flagstones take on a dull purple colour, and, as we descend the suc- 
cession, they gradually part with their calcareous nodules and 
degenerate into a group of purple grits and flagstones (Aa?), which, 
in many of their essential features, remind us of some of the typical 
beds of the Old Red Sandstone. 

In the present locality these purple sandstones are very fairly 
exposed, and have an estimated thickness of about forty feet. As 
a rule, they are simply coarse-grained, well-bedded grits, including 
many seams of coarse sandy shales. Above, they pass insensibly 
upwards into the Orthis-confinis flagstones last noticed ; below, they 
contain seams of pebbles, first about the size of a marble, next of 
the size of the fist, till finally they graduate downwards into a massive 
purple conglomerate, which will be described in the sequel. 

Such paleontological characters as these purple sandstones possess 
ally them to the overlying Orthis-confinis flagstones. An occasional 
seam is met with amongst them, affording a few casts of Orthis con- 
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jinis and Strophomena;, and the sandstone-group is best regarded as 
the zone of transition between the Orthis confinis-flagstones and the 
deep-seated purple conglomerate we shall next consider. 

Purple Conglomerate—Immediately below the basal beds of these 
O.-conjfinis sandstones a massive conglomerate suddenly sets in of most 
extraordinary petrological characters (Aa"). In the present locality 
the contrast between this older conglomerate and the great boulder- 
conglomerate of the summit of Benan Hill is most striking.. The 
Benan-Hill rock is of a dull greenish or greyish colour where freshly 
fractured, becoming more or less yellow upon its weathered surface. 
Its matrix is of a sandy, or ashy, and more or less open texture, and 
offers not the slightest indication of the presence of calcareous matter. 
In the much older conglomerate under description, which supports the 
O.-confinis sandstones, we see a rock of a wholly different character ; 
its matrix is of a bright purple colour, and it is so highly calcareous 
that the mass 1s filled with patches of lime and veins of white calcareous 
spar. The included pebbles are of all sizes and all colours ; green and 
grey porphyrites predominate, but granites, metamorphic rocks, lime- 
stones, and unaltered sandstones are all present and in no small abun- 
dance. The whole mass is intensely hardened and compactedtogether, 
so that it is next to impossible to detach a pebble from the general 
mass, the plane of fracture of the indurated rock traversing the 
pebbles and vitreous matrix alike. The brilliantly purple matrix 
of this conglomerate, veined with innumerable streaks of milk- 
white spar, forms a most exquisite contrast to the included masses 
ot foreign material, green, grey, brown, and white, with which it is 
filled. The beautiful sight presented by a sheet of this rock, when 
seen at its best in the wetted cliffs of the many waterfalls that dash 
over it, lingers long in the memory of the investigator. 

Of this purple conglomerate no great thickness is visibje in the 
burn itself, but its beds may be followed by the eye in the rugged 
slopes of Craigbickarae a few yards to the west, coming out steadily 
from below the Orthis-confinis sandstones, and continued in unbroken 
mass downwards into the wooded slopes below, for a thickness of at 
least 150 feet. 

This purple conglomerate forms the basal member of the Girvan 
succession as exposed in this locality. Its lowest beds are lost in 
the alluvial tlats of the Stinchar below the base of Craigbickarae, 
and no further rock-exposure is visible for more than a mile to the 
southward. 

Summary.—In this locality, therefore, we have evidence that the 
great green Benan conglomerate is conformably underlain by a series 
of older strata of very distinct petrological characters, namely :— 

(1) A calcareous group, about 100 feet in thickness, composed of 
three members—(a) a set of nodular shales with Graptolites and 
Lingulide, (6) a set of comparatively pure and compact flaggy lime- 
stones, and (c) a set of impure calcareous flags. 

(2) A purple conglomerate of great thickness and remarkable 
aspect, which graduates downwards from the foregoing group through 
a transitional zone of pebbly sandstones. 
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These results are epitomized in the following table :— 
Ac. Benan-Hill (or Green) Conglomerate. 
Stinchar Limestone group :— 
Ab4. Didymograptus-shales. 
Ab?. Compact Limestones. 
Ab. Maclurea-beds. 
Ab}. Orthis-confinis Flags. 
Kirkland group :— 
Aa’, Transitional Sandstones and Grits. 
Aa’. Purple (or Kirkland) Conglomerate. 


' I shall next proceed to show that the sequence thus indicated is 
that which obtains throughout the entire Benan area. 

2. Kirkland Burn.—An excellent confirmatory exposure of the 
majority of the strata just described is to be seen in the neighbouring 
stream of Kirkland Burn, which has cut a deep channel down the 
slope of Benan Hill, about half a mile to the eastward of our former 
section. In this locality, however, the green Benan conglomerate is 
shown merely in a few scattered patches upon the hill-tops, the 
line of junction between the calcareous group and the Benan conglo- 
merate is invisible, and merely a few fragments are seen of the 
Didymograptus-shales (Ab*) and of the upper parts of the Compact 
Limestone (Ab*) (see section below, fig. 2). 


Fig. 2.—Confirmatory Section mn Kirkland Burn. 
S.E. 3 
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Ac. Green Conglomerate of Benan Hill. 

Ab*. Green Graptolitic Shales. 

Ab?. Impure flaggy Limestones. 

Ab!. Caleareous and nodular Flagstones, with Orthis confinis, Stro- 
phomena, &e. 

Aa?. Purple Sandstones, Grits, and sandy Shales. 

Aa'. Purple Conglomerate filled with veins of calc-spar. 


The highest beds visible appear to be the lowest zones of the 
Maclurea-beds (Ab*), which are well shown where a small fence 
crosses the stream. From this point downwards into the heart of the 
deep-seated Purple Conglomerate (Aa') the section is tolerably con- 
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tinuous, and the strata exposed admit of fairly exact admeasurement. 
We find evidences of some folds in the strata, and traces of slight 
faults, hitches, and wrinkles; but it is very doubtful if any of the 
beds are actually repeated, so that the following measured section 
may be relied upon as being approximately correct :— 


feet. 
Ab*. Nodular Limestones, thin-bedded, hard, unfossiliferous... 22 
Ab?"’. Caleareous Flagstones, full of nodules of limestone, more 
or less hardened, and only rarely fossiliferous ......... 45 
Ab!’. Calcareous Flagstones, weathering to a russet-brown 
colour, and filled with seams and patches of rotten- 
SEO sin an rns ennaiiidulane sbtivnws ueeee Gis se anroe west es eee 26 


The section here fails us for some 13 feet of thickness, 
below which we find 


Aa?". Purple Sandstones, Grits, and Shales, with seams of 
pebbles, but no recognizable fossils ...............seeeseeee 43 

An?". Purple Sandstones and ‘Grita. .os..ccieetcecceccssnun heen 24 
passing down into 

Aa'. Purple Conglomerate, full of rounded masses of igneous rocks, im- 
bedded in a matrix of sandy and calcareous matter, veined with 
irregular seams of lime and cale-spar. 


The basal conglomerate is well exposed at a small waterfall over- 
looking the farmsteading of Kirkland. It will therefore be hereafter 
referred to under the alternative title of the Kirkland Conglomerate. 

The ground to the south of the farm is covered with the alluvium 
of the Stinchar, and no older strata are visible. 

3. Auchensoul §ce.—In following the outcrop of the calcareous 
series along its line of strike towards the west, we find it become 
so greatly interfered with by a network of small faults that it is a 
matter of the utmost difficulty to map out the true place of the 
shattered fragments upon the ground. When, however, this task 
has been finally accomplished, it becomes evident that after leaving 
the Kirkland Burn, the limestone group begins to curve round 
rapidly towards the south-west, almost at right angles to its 
original course. It sweeps obliquely down the southern slopes of 
Anchensoul Hill, and crosses the valley of the Stinchar opposite the 
farmstead of Dupin, near which it is found dipping at a steep angle 
to the southward, and striking to the westward, in the wooded 
slopes of the hills on the southern side of the river, parallel to 
its original direction in Benan Hill. From its disposition upon 
the ground it may therefore be inferred that it is actually sweeping 
round the outer curve of a steep anticlinal arch, the main axis of 
which coincides with the line of the river Stinchar. 

In the grassy slopes of Auchensoul Hill four main groups of 
exposures are recognizable. On the lateral terrace above the ruined 
church of Kirkdomine, the Compact Limestone (Ab*) is well dis- 
played in some deserted quarries. In the most northerly of these, 
the highest zones of that division, immediately below, the Didymo- 
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graptus-beds (Ab*) are laid open, and the dividing seams of 
calcareous shale contain an abundance of fairly preserved fossils. ° 

The commonest forms are Leptena sericea, Orthis calligramma, 
O. biforata, Turrilepas, sp., Cythere aldensis, Asaphus, Encrinurus. 

These beds dip to the eastward at a small angle, and below them, 
in their natural position, we find the red sandstones (Aa’) in an 
old cart-track on the hill-face above the ruins of Kirkdomine. 

In Kirkdomine Burn the Maclurea-beds (Ab’*t*) are dis- 
cernible, preserving generally their original line of strike, but 
greatly shattered and folded. Below we find a large development of 
the Purple Conglomerate (Aa*) which is exhibited in the stream- 
course. 

A well-marked N.E. and S.W. fault throws down a patch of the 
calcareous beds in their proper position below the Benan Conglomerate 
in the higher reaches of the little burn, on both sides of which the 
Compact Limestone (Ab*) has formerly been excavated. To the west 
also the line of junction of the Benan Conglomerate (Ac) and the 
Calcareous Series (Ab) is visible for some distance upon the grassy 
hill-side. The green calcareous and concretionary Didymograptus- 
shales (Ab*) are shown in their normal transitional position in 
several natural exposures. 

In Auchensoul Burn, which lies about a quarter of a mile to the 
eastward of Kirkdomine Burn, all that the many faults of this spot 
have left visible are certain lime-beds, full of pebbles of igneous 
rocks, imbedded in a matrix so highly calcareous that it almost 
deserves the title of a limestone. These possibly belong to the 
Purple Conglomerate of Kirkland (Aa). They are seen in the stream- 
course close to the farmsteading of Auchensoul. 

4. Dularg §c.—Crossing the alluvial flats of the Stinchar, which 
are here only about 150 yards in width, we again come upon the 
calcareous series, dipping off the anticlinal arch to the south-east. 
They are exposed in the bed and banks of the river and in the 
wooded slopes around the farmsteading of Dularg. 

In the bed of the river itself the greatly contorted Orthis-confimis 
flagstones (Ab'), and patches of the Maclurea-beds (Ab), together 
with portions of the underlying Purple Sandstone and Conglomerate 
(Aa), are well displayed. In spite of their shattered character, the 
flagstones are, as usual, tolerably fossiliferous, and yield, among 
others, Orthis confims, Salt., Maclurea Logani, Salt., Strophomena 
grandis, and fragments of Orthocerata and Corals. 

The gentle eastward inclination of these strata is rapidly exchanged 
for a steeper one to the 8.W., and their curving strike for a direct 
trend to the 8.W., parallel with the normal range of all the strata of 
the region. The effect of this is that the limestone (Ab’*) next makes 
its appearance in two quarries close to the farm of Dularg, dipping. 
steadily at a steep angle to theS.E., parallel in strike,but diametrically 
opposite in dip, to its position on the opposite side of the Stinchar 
valley inthe slopes of Auchensoul. ‘The limestones in these quarries 
at Dularg are of a purple colour and are greatly hardened, veined, 
and altered. These appearances are possibly due to the presence of 
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the enormous strike-faults which are known to affect the strata 
here, and which finally cut out the limestone band altogether a few 
yards west of the farmsteading. 

5. Craigbickarae Hill—Returning to the opposite side of the 
Stinchar, we resume our description of the unbroken line of the 
Benan and Auchensoul Limestone band at the point where we 
originally commenced. A few yards to the west of our typical sec- 
tion of the Benan Burn we find the calcareous series fairly exposed in 
the cliffs and upper terraces of the projecting mound of Craigbickarae. 
From the steep southern cliff of Craigbickarae itself the purple 
conglomerate looks out in great force over the valley. In the grass- 
grown terrace above the cliffs the O.-conjinis flags (Ab) and their 
more arenaceous associates are buried beneath turt and surface-soil; 
but the overlying purer limestones (Ab***) are shown in several 
small exposures, and, owing to the form of the ground, cover a large 
space upon the hill-side. ‘The beds are much broken by faults and 
slips; but nevertheless the entire group may be easily followed upon 
the ground from point to point, everywhere emerging in its 
natural order and position from below the great mass of Benan con- 
glomerate (Ac) which forms all the more elevated portions of the hills 
above. The line of contact between the limestone and conglomerate 
is, however, nowhere visible, the Didymograptus-shales (Ab*) being 
either faulted out or overgrown with grass and vegetation. 

In the small burn of Auchlewan the Compact Limestone is fully 
laid open, and in the steep hill-face to the right of it the Orthis- 
confins Flagstones &c. are displayed and are abundantly fossiliferous, 
yielding chiefly Orthis confinis, Salt., Strophomena, Maclurea, Tetra- 
dium, sp. 

The whole of the calcareous rocks dip steadily into the hill-face to 
the southward, at an angle of about 45 degrees, and are distinctly 
underlain by masses of the Purple Conglomerate and Sandstone (Aa), 
which are exposed for some distance in the channel of the little burn 
below. 

6. Auchlewan.—In an exposure upon the line of junction of the 
Benan Conglomerate and the Calcareous Series, which is apparent 
afew yards to the west of the Auchlewan Burn, some remarkable 
phenomena are observable. In an old quarry above the outer fence 
of the enclosed and formerly cultivated area the line of contact of 
the limestone and conglomerate is plainly visible. ‘The flaggy and 
compact limestones dip into the hill at their normal inclination, and 
are irregularly surmounted by a solid mass of conglomerate dipping 
in the same direction, but at a slightly inferior angle. ‘The line 
of contact is most irregular. The limestone has all the appearance 
of haying been greatly eroded previous to the deposition of the 
conglomerate. The regular beds of the limestones strike abruptly 
at the lower portions of the pudding-stone, and patches of the former 
are found adhering irregularly to the weathered basal beds of the 
latter. The conglomerate itself is almost destitute of any thing like 
bedding ; but some of the natural planes of deposition are shown 
by the linear arrangement of bands of small pebbles. In its 
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lowest beds a few fragments of limestone are visible, of the general 
size of marbles. The appearances seen are difficult to explain upon. 
the hypothesis of a fault, owing to the presence of the patches of 
limestone in the conglomerate ; but if they are actually due to an 
unconformability we have to suppose that within the insignificant 
distance of about 200 yards the entire thickness of the Didymograptus- 
shales must have been eroded previous to the deposition of the basal 
beds of the Benan Conglomerate, and in addition some slight thick- 
ness of the Compact Limestone itself. It will be seen from the map 
that an important fault traverses the strata at this locality, and 
to its effects, combined with certain peculiarities of the basal beds 
of the conglomerate, which will be described in the sequel, the 
visible phenomena are most unquestionably due. 

From this point the calcareous series is prolonged in a straight 
line to the south-west, descending the slopes diagonally towards the 
farmstead of Minuntion and the valley of the Stinchar. The nodular 
and Compact Limestones (Ab’+*) are exposed in two fine artificial 
sections immediately to the west of the ruin of Auchlewan, dipping 
steadily into the hill-face below the masses of Benan Conglomerate, 
which crop out continuously in the higher parts of the overhanging 
slopes above. The usual fossils of the limestones may be collected 
with difficulty in the quarries and from the weathered masses of lime- 
stone in the neighbouring stone-dykes. Unfortunately the actual line 
of junction of the Calcareous and Conglomerate series is obscured, 
and it is impossible to collect any available evidence with respect to 
the apparent unconformability or fault-line of Auchlewan to the 
east. 

In the steep ridges some distance north of the farm of Minuntion 
the limestone is seen in a shattered condition, suggestive of faulting 
along the junction-line. Immediately in the neighbourhood of the 
farmstead’ the Purple Sandstones (Aa?) are visible in their natural 
position with respect to the limestone, preserving their steady dip 
of 45° into the hill-slope. 

From the hill-quarry last mentioned the limestone may be 
followed in occasional exposures in a slanting direction down the 
slopes into the cliffs overhanging the stream of the Stinchar. Here 
we meet with a magnificent section in a large quarry, which until 
very recently was worked for the extraction of lime for the use of 
ae farmers of the district. 

Minuntion.—In this quarry the highest zones of the Compact 
Beneahnie group (Ab*) are not exposed. The only strata quarried 
are the lower division of the Maclurca-beds and the underlying 
0.-confinis flags (Ab'). The latter are well shown in the floor and 
sides of the quarry ; they weather to their usual russet-brown colour, 
and are pitted with the usual hollows filled with rottenstone. The 
Maclurea-beds contain the usual characteristic fossils in abundance ; - 
the Orthis-confinis beds swarm with well-preserved Brachiopoda, &c. 

The commonest forms include Orthis confinis, O. biforata, Belle- 
rophon, Strophomena expansa, Triplesia Grayi, Illenus latus, &e. 

This quarry may be regarded as the typical exposure of the O0.-con- 
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finis beds. In no other locality known to myself are they so clearly 
exhibited, or their fossils so easily procured or so well preserved. 

This quarry lies at the south-western extremity of the continuous. 
band of limestone we have followed from Auchensoul and Benan 
Hill along the north slope of the Stinchar valley. The band here 
comes to an abrupt conclusion. It is bent back in a sharp curve, 
with an accompanying fault, and is thrown into an abrupt synclinal 
from below which rise the underlying strata of the deep-seated 
Purple Conglomerate. 

This is well exposed in the floor of asmall stream which here de- 
scends the slopes of the hill to the northward. It presents all the 
peculiar features of this remarkable formation as exhibited in the 
typical section of Kirkland and Benan. In the little wood we re- 
cognize it by its deeply purple matrix, marbled with veins of calcite, 
and filled with boulders of green porphyrites, grey granites, and frag- 
ments of altered rocks. Hard and firmly compacted, it is beautifully 
polished by the waters of the cascade, and forms a most striking 
floor to the darkened stream-course. 

The synclinal and fault at this locality bring the typical line of 
the Stinchar calcareous series to an abrupt termination in the 
westerly direction, as do the anticlinal and accompanying faults of 
Dularg the same line in the opposite direction to the east. Before 
proceeding to the study of the scattered exposures of the strata of 
this group in the more complicated district to the northward, it may 
perhaps be advisable to re-summarize the points already established 
in the Girvan succession as here exhibited. 

We find, that is to say, in the northern slopes of the Stinchar 
valley, that the great Benan conglomerate is underlain by a thick 
series of more or less calcareous strata, constituted of the following 
members in ascending order :— 


feet. 
Kirkland Beds :— 
Aa'. Purple Conglomerate of Kirkland .................. (at least) 150 
Aa’. Transitional zone of Purplish Sandstones............ (possibly) 50 
Stinchar Limestone group :— 
Ab. Impure Calcareous Flagstones with Orthis confinis.........0+. 40 
Ab”, Maehurem-bads eiii2i2 ...0 0 Rae dece econ eee 30 
Ab*. Compact Limestones, less fossiliferous ..............:0sseeceeeees 30 
Ab*. Didymograptus-shales with Graptolites..........s.s:sceeseseeeene 30 
330 


That all these relations are retained essentially unmodified among 
the remaining exposures of this series in the Girvan district will 
next be demonstrated. 


(6) Description of the Confirmatory Exposures of the Calcareous 
Series in the Valley of the Assel Water. 


The whole of the great Benan-Hill ridge lying to the northward 
of the uninterrupted line of calcareous rock just described is, as we 
have already pointed out, composed of a continuous sheet of the 
dark green or Benan Conglomerate (Ac), which in our typical localities 
immediately overlies the Didymograptus-shales (Ab*). From the 


{ 
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great quarry at Minuntion last noticed, eastward as far as the 
summit of the Mull of Milljoan, this conglomerate is exposed in 
every stream that has laid bare the strata below the grassy covering 
of the hill-tops. It varies much in colour, from black through dark 
green and yellow, and even purple; but we find few traces of an 
approach, either in colour, composition, or texture, to the beautifully 
marbled basal conglomerate of Kirkland and the Stinchar. 

Throughout much of this extended area the Benan Conglomerate 
dips at very low angles and is even occasionally perfectly flat: 
indeed in the higher parts of the area, especially along the central 
ridge, this may be said to be the normal position of the rock. 

As we approach the exposures of the calcareous series on the 
oppesite sides of the ridge, the angle of. inclination of the con- 
glomerate increases irregularly to an average of about 45°. Along 
the typical Minuntion and Auchensoul line, as we have shown, 
this dip is universally to the northward. In the line of exposures 
between Dupin and Brockloch, which we have next to notice, the 
dip is in the opposite direction, or to the southward. This renders 
it highly probable, even at this early stage of our inquiry, that the 
Benan-Hill Conglomerate of this area will be found to be arranged 
in a synclinal form, and that the calcareous rocks which rise out 
from below it to the northward in the valley of the Assel will prove 
identical with those of our typical calcareous series of Minuntion and 
the Stinchar. 

1. Dupin.—The first series of these exposures of calcareous beds 
is disposed in a broken line stretching from the Barr road near the 
foot of Pinjerrach Hill, down the southern slope of the valley of the 
Assel to Daldowie, and thence across the river-valley into the woods 
of Letterpin and Pinmore. The most satisfactory of the exposures 


Fig. 3.—Sectron of the Strata of Dupm Linn. 
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Ac. Green Conglomerate of Benan Hill. 
Stinchar limestone group :— 
Ab*. Flaggy Limestones; fossils rare. 
Ab*. Impure Limestones with Maclurea. 
Ab‘. Nodular calcareous beds with Orthis confinis, Strophomena, 
IMenus, &e. . 
Kirkland Beds :— 
Aa?. Purple and grey sandy beds, much shattered. 
? Aa’, Purple and green Conglomerate, broken and faulted. 
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along this extended line is that visible in the west glen of Dupin, 
a short distance above the edge of the alluvial trough of the Assel 
opposite the great lime-quarry of Tramitchell. 

(1) Dupin West Burn (fig. 3).—About a quarter of a mile above 
the mouth of the little stream of the glen, coarse dark-green conglo- 
merates are visible on its banks, dipping at varying angles to the 
southward, and apparently continued uninterruptedly above to the 
summit of the Benan ridge. A few yards below the most northerly 
of these exposures, thick beds of flaggy limestone are seen plunging 
into the hill-face at the same general angle of inclination as the 
green conglomerates. Where they cross the glen these limestones 
give origin to the small waterfall of Dupin Linn. They are fairly 
exhibited to a depth of about thirty feet, and repose upon a similar 
thickness of flaggy and more or less impurely calcareous beds, 
clearly the Maclurea-beds (Ab*) of our typical sections of the Stinchar 
valley. These are underlain in their turn by nodular calcareous 
flags (Ab), which yield examples of Orthis confims, Strophomena 
expansa, Illenus, &e. Next follow the unfossiliferous Transitional 
Sandstones (Aa*), which graduate downwards in their turn into 
purple and green Conglomerates (Aa'), varied with calcareous seams. 
In other words, if we except the easily eroded Didymograptus-shales, 
which are obscured by gravel, we find that all the members of the 
Caleareous series which we have studied to the southward are 
visible at this locality in their natural order and with their relative 
thickness. 


Fig. 4.—Section of the Strata of Dupin Mid Burn. 


Ac. Benan Conglomerate in its typical form. 

Ac*, Conglomerate with limestone nodules. 

Ab*. Green calcareous shales with Graptolites and Lingule., 
Ab. Limestones much distorted and faulted. 

A?. Green and grey flaggy Sandstones. 


(2) Dupin Mid Burn (fig. 4)—The limestone of Dupin Linn may 
be followed across the grass-grown slopes to the north-eastward into 
the succeeding stream-course in that direction, where a second expo- 
sure of the band is laid open. Short as is the interval, the strata 
are much shattered and disjointed by small faults, and in the stream- 
bed itself only fragments of the band are visible. The highest strata 
seen are the coarse boulder-beds of the great Benan Conglomerates 
(Ac) of the usual character. The lowest bed of the Conglo- 
merate (Ac*) is here filled with rounded nodules of limestone. To 
judge from the appearances observed, it is evident that these 
enclosures have not been derived from a local erosion of the inferior 
limestone, but that there has been a distinct continuation of the 
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limestone-yielding conditions for a time into the era of production 
of the conglomerate itself. These nodular beds succeed a patch 
of calcareous shales (Ab*) representative of the Didymograptus- 
beds, which contain a few characteristic fossils, principally Lingulide. 
This zone is irregularly underlain by the compact and nodular 
limestones, which are exposed in a small side quarry, and are, 
especially in their lower portions, greatly contorted and shattered. 
The section is terminated below by a series of sandy grits, probably 
those of the lower zones of the O.-confinis-beds. They afforded me 
no fossils, but they present the hollows and seams of rottenstone 
characteristic of the zone. 

In the succeeding runnels which cross the prolongation of the 
limestone band to the eastward, the calcareous and conglomeratic 
groups are shown in a more or less shattered condition. The Benan 
Conglomerate (Ac) occupies the higher parts of the stream-courses. 
It is underlain in the natural order by patches of the limestone beds, 
which in their turn are supported by fragments of the under- 
lying sandy gritstones. The rapidity with which the higher zones 
of the limestones part with their calcareous matter as we pass to 
the eastward is most remarkable, the whole of the upper beds 
showing a tendency to degenerate into a group of nodular shales. 

2. Craigwells or Brockloch Quarries.—After traversing a short 
interval devoid of rock-exposures, we again meet with the calcareous 
band in a group of old limestone-quarries lying to the east of the 
farmhouse of Brockloch. 

In the quarry situated at the disused limekiln of Craigwells we 
have the following section (fig. 5). 


Fig. 5.—Brockloch Quarry. 


Ac. Benan Conglomerate. Ab’. Impure flagegy Limestones. 
Abe. Conglomerate with nodules Ab'. Nodular Limestones. 
of lime. Aa2. Calcareous Flagstone. 


Ab®. Compact Limestone, 20 feet. 


To judge from this section, it would appear, at first sight, that the 
Compact Limestones (Ab*) are surmounted immediately by the basal 
beds of the Benan Conglomerate (Ac), while the Didymograptus-beds 
(Ab*) are absent from the section, having apparently been eroded, 
and that the overlying conglomerate rests unconformably upon an 
undulated face of the Compact Limestone, fragments of which occur 
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in abundance in the conglomerate itself. But the line of contact is 
clearly a fault, while the patches of lime in the conglomerate lie in 
regular seams, and have the appearance of being merely nodular 
concretions, as if the conditions favourable to the deposition of 
calcareous matter, which marked the epoch of the formation of the 
limestone series, were continued into the earlier stages of the 
period in which the Benan Conglomerate was laid down. 

That this is the correct interpretation is placed beyond question 
by a careful comparison of the phenomena presented by the suc- 
ceeding quarries to the north-west of this locality. In some of these 
the Didymograptus-shales (Ab*) are lost through faulting; in others 
they are well displayed, and are found to possess all their usual 
characters, lithological and paleontological. Sections of the two 
most important of these exposures are given on the opposite page. 

In the first of these (fig. 6) the Didymograptus-shales (Ab*) are 
formed of a group of greenish shales and impure nodular limestones, 
and lie, precisely as in the Stinchar valley, between the Compact 
Limestones and the Benan Conglomerates. The basal beds of the 
latter are filled with limestone nodules, arranged generally along the 
lines of stratification, and weather to a light yellow or orange-colour. 

In the second (fig. 7) the Didymograptus-zone is most effectively 
displayed, and is seen to be composed, as usual, of bands of grey and 
green shales, which graduate from the Compact Limestones below, 
through a series of nodular beds, into the Benan Conglomerate above, 
the basal zones of the latter being filled with seams and patches 
of calcareous nodules, and weathering of the usual buff or orange 
tint. 

The Didymograptus-shales themselves yield the characteristic 
fossils Didymograptus superstes, Climacograptus nanus, Acrotreta 
Nicholsoni, &e. 


Summary.—Our study of this portion of the Dupin-Brockloch 
band has taught us that along this line there is no line of irregular 
erosion at the base of the Benan Conglomerate. In Dupin, mid- 
way along its course, the Didymograptus-beds (Ab*) are present in 
force, and with their typical aspect as exhibited in the Minuntion 
and Stinchar area. As we pass eastward along the deserted quarries 
of Brockloch and Craigwells, their place is distinctly occupied by 
a thin group of nodular limestones and Graptolitic shales, sur- 
mounted by conglomerates full of seams and balls of calcareous 
matter. These overlying beds, though they appear to be derived 
partially from the reconstructed débris of the calcareous series, are 
rather interpretable as evidence that the era between the period 
of deposition of the Stinchar calcareous series and that of the Benan 
Conglomerate was a period of oscillation, and that the lime-pro- 
ducing conditions which prevailed during the time of deposition of 
the Stinchar calcareous series were prolonged into the earlier stages 
of the epoch in which the tumultuous Benan Conglomerate was 
formed. 

To the north of that portion of the Dupin-Craigwells limestone 
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Fig. 6.—Section of Quarry North-cast of Craigwells, 
N.W. S.E. 


Ac. Benan Conglomerate (here weathering of an orange tint). 
x. Didymograptus-zone or passage-beds between Stinchar Limestone group and 
Benan Conglomerate. 
Abe. Yellow Conglomerate with limestone-nodules. 
Ab*". Green calcareous Shales with Lingule. 
Ab‘. Nodular and impure flagey Limestones. 
Ab®. Compact Limestones. 


Fig. 7—Section of Quarry between Brockloch and Little Lane Toll. 


N.W. S.E. 


Ac. Benan Conglomerate, weathering of an orange tint, 4 feet. 
Passage-beds or Didymograptus-beds :— 
Abe. Yellow Conglomerate with nodules of limestone, 6 feet. 
Ab*". Green calcareous Shales, 8 feet, with Lingula, Acrotreta Nichol 
soni, Diplograptus, &e. 
Ab*’. Nodular and impure flaggy Limestones, 4 feet. 
Ab’. Compact Limestones, without visible fossils. . 


Tf. Faults. 
0: 5.G.S8. No; 152. 2a 
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band we have last described the green and yellow beds of the Benan 
Conglomerate are visible, extending, so far as can be ascertained, in 
an unbroken mass from the limestone band to the sluggish stream 
of the Assel Water. Hence it may be regarded as almost certain 
that this southerly dipping limestone band is here brought to the 
surface by a sharp anticlinal, ranging from N.E. to S.W., a small 
fault running along its summit and depressing the strata to the 
north. On that side, except at Dupin Linn, nothing is visible of 
older date than the Benan Conglomerate (Ac). On the south-east 
margin, however, as we have seen, various thicknesses of the Stinchar 
calcareous series are recognizable, the deepest strata visible being 
the Purple Conglomerate and Sandstones (Aa) of Dupin Linn, which 
_ we identified at the point where we commenced our study of the 
band. 

This anticlinal and its accompanying fault are probably prolonged 
continuously to the south-westward in the same general straight line; 
but as the Benan Conglomerate is seen in some small exposures 
in this direction immediately west of Dupin Linn, while the lime- 
stone is found in place along a parallel line some 500 yards to the 
southward, it is possible that the fault varies much in throw, and is 
accompanied by parallel dislocations of equal extent. 

3. Shalloch-Hill Exposures.—Less than a mile to the west, how- 
ever, the calcareous series again makes its appearance in the exact 
prolongation of the Craigwells fault, as we are presented with a 
fairly continuous section half a mile in length and of very great 
interest. 

The limestone is seen in several old quarries excavated in the 
north slope of Shalloch Hill. In the easternmost of these quarries 
the strata are much dislocated, and their junction with the interest- 
ing rocks to the southward is obscured. In the second quarry the 
limestones lie between calcareous flags weathering with a honey- 
combed surface, probably the O.-confinis flags (Ab’), and soft shales 
and nodular grits representative of the transitional zone of Craigwells 
and Brockloch. Westwards the same flaggy limestones are seen 
projecting from the surface of ploughed fields, and eastwards in the 
bed of the small burn of Auchenmaddy. 

These calcareous beds are succeeded to the north by the great 
Benan Conglomerate; while to the southward they are in contact 
with the remarkable mass of Shalloch Hill, which will be presently 
described. Difficult as it is to discern any stratigraphical evidence 
of vaiue in the Shalloch exposures of these limestones, a study of 
their geographical distribution, as shown upon the map, renders it 
almost certain that they are brought to the surface by the Craigwells 
anticlinal and fault. 

Immediately to the south of these quarries we meet with a most 
remarkable exhibition of the Stinchar calcareous beds and their 
underlying purple conglomerate, in the rugged area of Shalloch Hill 
itself (fig. 8), which forms one of the outer buttresses of the Benan 
ridge. Within this area, which is about a mile in length and 
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half a mile in breadth, occur patches of limestones, felspathic grits 
and breccias, and bedded igneous rocks, all intensely crumpled and 
crushed together, and pierced by dykes of diorite and serpentine. 
This area is hmited by faults both on the north and south, outside 
of which lie the unaltered beds of the Benan Conglomerate. 

On both margins of the area we find the beds of the calcareous . 
series ; and the general disposition of the greatly wrinkled strata is 
that of an irregular anticlinal. 

Shalloch Hill.—All the central part of this remarkable area is 
formed of grey and purple felsites, breccias of igneous rocks, altered 
shales, and a peculiar purple brecciated conglomerate. This last- 
named rock forms the longitudinal axis of the area, and is well 
displayed in open quarries and prominent bosses of naked rock. 
Except in its excessive induration and the presence of much ser- 
pentine and serpentinous matter, it irresistibly reminds us of the 
basal conglomerate (Aa’) of Kirkland. The pebbles of igneous rocks 
enclosed are generally smaller than those of the Stinchar rock; but 
the brilliantly purple matrix, highly calcareous and traversed by 
innumerable veins of spar, is identical. 

The associated felsites, breccias, and gabbros are, hovers most 
distinctly those of the much older Ballantrae Series, in which cor- 
responding calcareous breccias (calcareous and serpentinous ash- 
beds) occur at several localities. At the same time the hardened 
and altered rocks of the present area are fringed to the N.W. (see 
plan, fig. 8) by unaltered breccias, similar to those of Millenderdale, 
which lie apparently between the conglomerate and the Ballantrae 
Series. JI am therefore inclined to the opinion that the whole of the 
hardened and igneous rocks and dykes of this Shalloch-Hill area 
are of older date than the Kirkland Purple Conglomerate (Aa‘), and 
are here brought to the surface along a faulted anticlinal. 

Nevertheless there are difficulties even upon this theory ; for cal- 
careous strata belonging to the Orthis-confinis Flagstones (Ab’) are 
visibly entangled among the purple beds in the very centre of the 
area and afford several of the characteristic fossils in a fair state of 
preservation. They are even better exhibited in the neighbourhood 
of the Dupin fault near the edge of Auchenmaddy Burn on its 
north-east margin, where Orthis confinis and Strophomena alternata 
are not uncommon. 

4. Little Letterpin.—The Craigwells fault, which forms the northern 
boundary of this area, is prolonged from the Shalloch quarries across 
the valley of the Assel into the elevated ground to the west of the 
farm of Little Letterpin, where the limestone was formerly worked 
for agricultural purposes. In this locality we have a repetition in 
miniature of the phenomena of Shalloch Hill. The limestone seen 
in the old quarry consists merely of a few feet of very impurely 
calcareous rock, greatly shattered, dipping irregularly to the south- 
ward, and faulted abruptly against the main mass of Benan Con- 
slomerate to the south. The higher points of Little Letterpin Hill 
consist of the purple grits and breccias of the altered series. 
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These are prolonged for nearly a mile to the south-west, and are 
much interfered with and hardened by protrusions of gabbro, which 
has been forced through the beds in a complicated plexus of dykes 
and veins. 

The Stinchar beds of this locality le apparently between two 
converging faults, which appear to be the prolongations of those 
which bound the Shalloch-Hill area. These unite to the south-west 
into a single line, which may be most conveniently regarded as part 
of the Craigwells dislocation, which is continued in this direction 
into the metamorphic rocks of the valley of the Lendal. 


— 


(c) Description of the Supplementary Exposures south of the Girvan 
Valley. 


1. Aldons Quarry.—Before entering upon the study of the scat- 
tered exposures of the Stinchar calcareous series to the north and west 
of the Benan-Hill ridge, it will be advisable to turn aside for a while, 
and examine the magnificent exhibition of these rocks in the quarries 
at Aldons and their extension in the south-west. The massive con- 
glomerates of Benan Hill are continued uninterruptedly from the 
highest points of the Benan ridge across the lower valley of the Assel 
Water into the steep slopes of Aldons Hill west of Pinmore. About a 
mile south-west of Pinmore Bridge the great conglomerate is reduced 
almost to a point between two converging faults, which have thrown 
it down in a narrow synclinal among the Ballantrae metamorphic 
and igneous rocks. The limestone is seen coming out from below 
the Benan Conglomerate on both sides of this synclinal; and its 
relations to the rocks above and below are admirably shown in the 
large quarries which have long been opened at this locality. 

In the north-west quarry and in the sides of the roadway leading 
thence towards the valley of the Stinchar we have an excellent 
exhibition of the rocks. 
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Fig. 9.—Section of Large Quarry, Aldons. 
S.E. NW. 
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Ac. Benan Conglomerate. Ab’. Impure flaggy Limestones with 
Ab*’. Shaly beds with Ampyx, Leptena, &e. Maclurea Logani, Cythere al 
Ab?. Compact Limestones. densis, &e. 

x. Igneous rocks of the Ballantrae Series. 
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This quarry (fig. 9) is opened along the line of fault between the 
Ballantrae rocks and the Girvan Series. The lowest bedded rocks 
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exposed are impure calcareous flagstones (Ab*). These are greatly 
shattered and crushed by the fault, and weather down into small 
irregularly shaped fragments, which, upon the dissolution of their in- 
cluded calcareous matter, subside into a black mud. They are 
actually thin-bedded limestone-flags, with a wrinkled, pitted surface, 
the irregularities of which are filled up with soit dark mud of a 
flaky texture. They yield many examples of Maclurea Logani of 
large size, together with myriads of the minute crustacean Cythere 
aldensis, M‘Coy. It is difficult to estimate the thickness of these 
Maclurea-flagstones, but it cannot be less than 30 or 40 feet. 

They are succeeded by the Compact Limestone beds in thick 
strata, clearly identical with the Compact Limestones of Benan 
Burn. No reliable estimate can be formed of their original thick- 
ness at this locality, but it must have been somewhat less than that 
of the subjacent flagstones. 

At the east end of the quarry a fault has brought down the 
more gently inclined Benan Conglomerate against these Compact 
Limestones ; but as we trace the fault in its course along the face 
of the quarry to the west, some of the intermediate beds make 
their appearance below it. These consist of thin-bedded greenish- 
grey shales of some ten or twelve feet in thickness, clearly repre- 
sentative of our Didymograptus-beds of the Kirkdomine band and 
the corresponding zone of Craigwells (Ab*). They are here abun- 
dantly fossiliferous, being crowded with casts of fossils of the genera 
Agqnostus, Illaenus, Remoplewrides, Lingula, Acrotreta, and Leptena, 
together with Cythere and fragments of Encrinites. The remaining 
quarries of this locality are opened along the southern line of fault, 
where the calcareous series is seen in contact with the igneous rocks, 
but too greatly shattered to afford fossils. 

It would be superfluous to point out how easily the succession in 
this locality is interpreted by the facts we have already obtained 
in the Benan-Hill area, and how complete is the identity of the 
various zones of strata as here exhibited with the corresponding 
rocks of the typical calcareous band of Auchensoul and Minuntion. 
The inferiority of the Stinchar calcareous series to the Benan Con- 
glomerate and the natural arrangement of the members of that 
series having now been satisfactorily determined, we turn with the 
confidence born of certainty to the study of the remaining exposures 
of these beds in the Girvan district, treating of each exposure as 
briefly as is consistent with the object we have in view. 

The great fault in the southern quarries at Aldons is well shown 
in the railway-cutting above Pinmore Bridge. Here a few feet of 
the Compact Limestones are seen in a shattered condition between 
the metamorphic or igneous rock and the overlying sheet of Benan 
Conglomerate, the whole dipping at a gentle angle to the north- 
west. 

The same fault is seen in the Stinchar near Pinmore Bridge; but 
there is no trace of the limestone. 

Several exposures of the calcareous series occur, however, in the 
prolongation of this line to the north-west. In the heights to the 
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north of Kilpatrick the limestone is seen in several localities, in thin 
courses and in several neglected quarries, greatly interfered with 
by protrusions of gabbro, and having no definitely regular relation 
to the surrounding sheet of the Benan Conglomerate (see map 2, 
Plate XXV.). Faulted patches of the same rock are visible along the 
extension of the Aldons dislocation to the north, as far as the summit 
of Daldowie Hill. Their geographical disposition may be gathered 
from a study of the accompanying map of the region. 

2. Tramitchell Quarries §c.—By far the most important exposure 
of the Stinchar Limestone south of the Girvan valley, from an 
economic point of view, is undoubtedly that presented in the great 
lime-quarries at Tramitchell in the valley of the Assel. Here the 
limestone is quarried in a steep cliff which overhangs the roadway 
for a distance of at least 200 yards. It seems at first sight 
altogether much thicker and purer than in any other exposure in 
the entire Girvan region; and next to the quarry of Craighead, to 
be noticed in the sequel, this quarry certainly affords the chief 
supply of lime for the district. It is mined in large quantities, 
burnt in the kilns upon the spot, and led upon a tramway to the 
railway-station at Pinmore. 

At a first glance it would appear that at least 100 feet of Compact 
Limestone are developed at this locality ; but this apparently ab- 
normal thickness is delusive, and the limestones are actually of no 
greater vertical extent than elsewhere. A long strike-fault bounds 
them to the north, throwing down against them the highest zones of 
the overlying Benan Conglomerate. The limestones, which include 
also the whole of the Maclurea-zone, are crumpled up against this 
fault in a broken anticlinal form, and dip with several small step- 
slips, visible in the quarry-face, steadily to the southwards, as if 
passing below the Benan Conglomerate of the flats of the Assel. 

The sharp anticlinal in the neighbourhood of the fault is well 
seen at the eastern extremity of the exposure. Some of the more 
impure and nodular beds on the floor of the quarry take on an oolitic 
structure, a very rare phenomenon among the limestones of this 
region. 

In the purer flaggy limestones at the summit of the anticlinal occur 
the peculiar fossils Saccammina Carteri and Girvanella problematica, 
which, together with fragments of Encrinites and Tetradiwn, are 
very abundant. The lower, Maclurea-flagstones in the centre 
of the quarry yield Maclurea Logani, Ecculiomphalus Bucklandn, 
Orthis calligramma, Strophomena corrugatella, and their usual 
associates. 

The wide-spreading and continuous mass of Benan Conglomerate 
of the upland area of Benan and Auchensoul, to which we have 
hitherto restricted our description, seems originally to have expanded 
to the westward into a broad sheet many square miles in superficial 
extent, around and above the metamorphic and igneous rocks 
of Lendal and Ballantrae. The powerful dislocations which have 
affected the Girvan district have, however, shattered this broad sheet 
into four distinct fragments. Two of these, forming the high 
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grounds of Millenderdale and Laggan, are still continuous with our 
typical mass of Benan Hill. The remaining two, which occur upon 
the ridges of Trowier and the Byne Hill, are now separated from the 
Benan ridge and each other by two gigantic strike-faults, which 
have thrown down between them strata of much later geological 
age. Not only is the present geographical arrangement of the rocks 
of these areas almost demonstrative of their original continuity, 
but their detailed study shows, as might have been expected, that 
they agree precisely in all their petrological characters with their 
prototypes of Benan Hill, and are similarly underlain by a group of 
calcareous beds answering exactly to our limestone series of Auchen- 
soul and the Stinchar. 

3. Millenderdale area.— The most southerly of these supple- 
mentary areas is formed by a narrow prolongation of the Benan Con- 
glomerate, about three miles in length by half a mile in width, which 
stretches from the typical area at Kinclaer viaduct upon the water of 
Assel, into the heart of the Ballantrae rocks upon the water of Lendal. 
It is distinctly interposed between these igneous rocks and the sheet 
of Graptolitic flagstone which everywhere succeeds to the Benan 
Conglomerate in the Girvan district. The peculiar relations of this 
strip of conglomerate to the neighbouring Ballantrae rocks need not 
detain us here. It will be sufficient for our present purpose to state 
that a careful mapping of the area makes it clear that it forms, 
generally speaking, a faulted anticlinal. Near its western extremity 
the Stinchar Limestone emerges from below it in a group of old 
quarries and natural exposures near the farmsteading of Millender- 
dale. A few specimens of Saccammina Carteri, and Tetradium 
Peachw are procurable from these limestones. In the deserted quarry 
west of the steading, in spite of the shattered state of the beds, we 
recognize with certainty the Nodular Flags (Ab*) at its northern 
extremity, followed by the Compact Limestones (Ab’*), for the extrac- 
tion of which the excavation was made, and finally a few feet of the 
superior greenish shales of the Didymo Le esa ses (Ab*) are seen in 
the stream-course to the south-west. 


Fig. 10.—Basal Zones of the Girvan TY, south-west 
of Millenderdale. 


N.W. 


Ac. Benan Conglomerate. 
Abe. Graptolitic shales with Diplograptus rugosus, Crypt. tricornis, &e. 
Ax. Base of Girvan Conglomerate. 

Ax’. Well-bedded ashy conglomerates and sandstones. 

Ax!. Coarse: breccias of fragments of igneous and altered rocks, with 

interstratified purple sandstones and red and green grits and shales. 

x. Igneous and altered rocks of Ballantrae Series. 
f. Fault. 
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In the bed and banks of the small stream which drains the grassy 
heights to the south-west of this locality an interesting section of 
what appear to be the basal breccias and sandstones of the Girvan 
succession is laid bare. The lithological characters and physical 
relationships of these beds will be apparent upon a study of the 
foregoing section (fig. 10), but their detailed description is reserved 
for a future occasion. 

4, Dinvin and Laggan Hill.-- Northward of the anticlinal and 
fault of Letterpin and Brockloch a long tongue of the Benan-Huill 
Conglomerate runs westward from the quarries at Tramitchell along 
the north side of the Assel, and, expanding rapidly as it is followed in 
this direction, finally forms a broad rounded mass more than two 
square miles in area, in the rugged heights of Laggan and Dinvin. 
The beds of this sheet of conglomerate are thrown into innumerable 
undulations, which are well seen in a host of natural exposures ; but 
none of these are of sufficient magnitude to bring the underlying 
calcareous series to the surface. Westward, however, the conglo- 
merate area is bounded by the complicated group of dislocations 
which surround the Old Red Sandstone outlier of Glendrissock ; and 
in their neighbourhood we find exposed the basal beds of the conglo- 
merate, together with a few feet of the infrajacent calcareous series. 

From the farmhouse of Pinnacher for some distance towards the 
narrow gorge of Laggan Gill the deepest beds of the conglomerate 
dip at a gentle angle to the south-eastward below all the overlying 
masses of Dinvin. Rising out from beneath these, in their natural 
order, we find the Stinchar Limestone in two disconnected spots. 
The first of these is an old quarry, a hundred yards north-west of the 
steading of Pinnacher, where hard compact limestones form a rude 
anticlinal, the eastern side of which is overlain by calcareous flaggy 
shales dipping towards the great conglomerate of Dinvin. The 
only fossils I have collected from these beds are undeterminable 
Brachiopoda ; but the officers of the Geological Survey have been 
more fortunate, as they enumerate in their list of organic remains 
from Pinnacher the characteristic and peculiar Stinchar forms 
Maclurea Logan, Salt., and Lyopora favosa, M‘Coy. 

In the second exposure, which occurs in a deep bay of the con- 
glomerate, about half a mile to the north-eastward, a fairly satis- 
factory section is seen, showing the beds of transition between 
the calcareous series and the Benan Conglomerate. At this locality 
the basal beds of the Benan rock dip at a medium angle to the 
eastward below the continuous mass of the neighbouring slopes; 
they weather with the orange-yellow tint characteristic of the 
corresponding beds along the northern margin of the Benan area. 
the nodular calcareous seams of the Brockloch zone at the base of 
the Benan rock here unite into a distinct band of limestone, more 
than a foot in thickness, which is both overlain and underlain by 
coarse conglomerates, thus affording us a complete demonstration 
of the conformability of the Stinchar and Benan strata. 

A short distance to the south a branch of the Glendrissoch fault 
steps forward the conglomerate of Dinvin into the mound of Laggan 
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Hill, and an altered patch of the Ballantrae calcareous series comes 
out from below it at the head of the Laggan Gill. 

5. Trower Hill.—The summit and south-west scarp of Trowier 
Hill, which hes between the two forks of Piedmont Burn, about half 
a mile north of the last-mentioned locality, are formed of an irregular 
dome of the Benan Conglomerate. The south-western limits of the 
conglomerate area, as expressed upon the map (Pl. XXIV.), are 
purely inferential, as the natural surface of Piedmont Hill itself is 
obscured by moss and vegetation. In the centre of the dome of 
Trowier itself, however, we have distinct evidence of the presence 
of a calcareous series in place, in the numerous excavations formerly 
made for the purpose of extracting lime, in the existence of an old 
lime-kiln, and in the abundance of scattered fragments of altered 
calcareous rock. Such fragments as are capable of interpretation 
give no evidence that the higher Compact Limestones have been 
obtained at this spot; but seem to belong rather to the impure and 
more or less ashy and serpentinized band of the Ballantrae Serves. 

6. Dow Hiull.—A marked and most symmetrical anticlinal of the 
same Benan rock forms the conspicuous knoll of Dow Hill, a short 
distance lower down the water of Piedmont. No great thickness of 
the conglomerate is here exposed, but its infraposition to the 
surrounding strata of the neighbouring slopes (the Graptolitic flag- 
stones and shales to be presently described) is most perfectly 
exhibited. 

7. Byne Hill and Kennedy’s Pass—The most conspicuous and 
best-known of the many exposures of the Benan Conglomerate in 
the Girvan district is undoubtedly that of the Byne Hill and 
Kennedy’s Pass. It forms the northern and steeply descending 
flank of the igneous ridges of Grey Hill and Pinbain, in an unbroken | 
sheet about four miles in length. It is beautifully displayed in the — 
rugged mound of the Byne Hill (fig. 11), which forms the most 
conspicuous object in the picturesque view of this ridge and the old 
sea-terrace at its foot from the town itself. The arrangement of the 
rocks in this hill will be understood from the following generalized 
section. Its core is formed of a mass of syenitic granite, which is 
followed to the south-eastward by a strip of the peculiar serpentinous 
rock so abundant in the Ballantrae region. These igneous rocks are 
flanked on both sides by the Benan Conglomerate, which is composed 
of the usual tumultuous masses of boulders of igneous rocks imbedded 
in a greenish and more or less ashy paste, and occasionally divided 
by seams of coarse sandstone and bedded grit. On the north side 
of the hill the beds in contact with the syenite differ in no essential 
respect from those constituting the main mass of the conglomerate ; 
but on the south-eastward slope we find certain calcareous beds rising 
out from below. 

A limestone is seen in an old quarry on the line of fault between 
the serpentine and the conglomeratic area of Drumfairn, at the 
head of a small tributary of the Byne Hill Burn. About 10 feet of 
Compact Limestone is visible, dipping 60° or 70°S8.E., shattered and 
more or less serpentinized where it is in contact with the fault-line 
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below, and passing upward regularly into flaggy and more shaly 
beds above. These are at once surmounted by the Benan Conglo- 
merate. 


Fig. 11.—WSection across the Ballantrae and Girvan Rocks 
of Byne Hill. 
S.E. N.W. 


Byne Hite 


Bynehili Burn. 


we 
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So 


O. R. 8. Conglomerates and sandstones of Old Red Sandstone age. 
Ac. Benan Conglomerate in its ordinary characters. 

L. Crushed and altered limestones of doubtful age. 

=. Serpentine. 

Sy. Syenitic granite of Byne Hill. 

Sf. Faults. 


The same beds may be traced a short distance in both directions, 
and are possibly cut out to the south-west by a transverse fault 
passing through the farmhouse of Drumfairn. 

From Byne Hill the Benan Conglomerate is traceable in an 
unbroken strip to the sea-shore at Kennedy’s Pass (fig. 12). It 
varies much in its transverse diameter throughout this extent; but 
as it nowhere exhibits any of the naturally underlying limestones, 
so far as may be inferred from the phenomena exhibited in the few 
exposures upon the hill-slopes, it seems probable that throughout 
the whole of this extent its south-western edge is faulted down 
against the igneous series of Ballantrae. 

The dividing basal fault is well seen where the conglomerate 
comes upon the sea-shore, and is traceable for some distance in a 
south-westerly direction, running almost parallel with the shore-line. 
Where it finally disappears beneath the water it is joined at an acute 
angle by a second strike-fault coming down the coast-line from 
Shalloch and Ardwell. In the angle formed by these two converg- 
ing faults there is a grand exhibition of Conglomerate at the 
well-known locality of Kennedy’s Pass, where it was first studied 
by Murchison and Nicol, and where it has been frequently examined 
by recent students of the rocks of this region. In the roadway and 
cliffs at this point the numerous transverse dislocations which have 
affected it admit of easy recognition, and the conglomerate itself 
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Fig. 12.—Plan of the Faulted Area of Kennedy’s Pass. : 
S.W. 
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B!. Graptolitie shales and flagstones of Ardwell. . 
Bx. Green flagstones, shales, and conglomerates, non-fossiliferous. 
Ac. Benan Conglomerate. 
Ax. Basal Conglomerate of Kennedy’s Pass. 

Ballantrae rocks :— 
x. Ashes and breccias, igneous rocks, amygdaloidal traps, &e. 


y. Band of altered limestone and calcareous breccia. 
ff. Faults. BB. Basaltic dykes. 


j 
‘ 
| 


is laid open to view in one of its most typical forms. The matrix of 
the basal division is finer and altogether less calcareous than in the 
interior districts, while the pebbles are generally smaller and by no 
means so numerous ; but in all its essential features the mass cut 
through by the roadway reminds us of the ashy Basal Conglomerate 
of Millenderdale and the Stinchar, while that which occurs upon 
the ridge above is identical with our typical conglomerate of Benan 
Hill and Auchensoul. 


(d) Description of the Fossiliferous Exposures north of the 
Girvan Valley. 


1. Craighead Quarries—Next to our typical exposure of the 
calcareous series in Benan Burn and Auchensoul in the valley of 
the Stinchar, by far the most important exhibition of the Stinchar 
Limestone is that afforded us in the great lime-quarries of Craighead 
on the north side of the valley of the Girvan. These quarries are 
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excavated in the south-west flank of the prominent ridge of Craighead 
and Quarrel Hill, in the immediate neighbourhood of the Glasgow 
and South-western Railway, about a mile to the east of the railway- 
station of Killochan. The gigantic fault which here forms the 
northern limit of the Carboniferous basin of the Girvan valley runs 
at this point parallel to the railway, immediately in front of the 
quarries themselves. Several loop-faults or inosculating branches 
of this grand dislocation are given off along its course to the north- 
westward ; and caught up between these, and abruptly collocated with 
strata of comparatively recent geological age, we find long lenticular 
masses of the conglomeratic and calcareous division of the Girvan 
succession we have been studying to the southward. The most im- 
portant of these loop-faults surrounds the mound-like hill of Craig- 
head, enclosing a lenticular mass of rock of peculiar character, a mile 
in length and half a mile in breadth. The main mass of the lenticle, 
which forms the hill itself, is clearly identical with the enigmatical 
rocks of Ballantrae, and, like them, is formed of a congeries of rocks 
partly aqueous and partly igneous, the latter, again, being partly 
bedded and contemporaneous, partly intrusive and subsequent. At 
the eastern end of the lenticle, however, these rocks are surrounded 
by a mass of limestone and calcareous strata, of a semicircular form, 
limited at both ends by the bounding faults, and dipping generally 
from off the igneous and hardened rocks. 

It is in this semicircular mass of limestone that the Craighead 
quarries have been excavated. They are two in number—an older 
quarry lying on the southern curve of the semicircle, and a newer 
quarry running along its eastern edge. The former has been long 
exhausted of its superficial and more easily excavated limestones. 
The latter is in constant working to supply the demands of the agricul- 
turists of the neighbourhood, the lime being burnt in kilns upon 
the spot, and delivered by special tramway at the railway-station 
of Killochan. 

The general arrangement of the calcareous rocks of this locality 
will be apparent on a study of the following section (fig. 13). 

The two sets of calcareous strata excavated in the quarries form, 
with respect to each other, a rude synclinal, which has been broken 
along its central line. Their physical arrangement is best displayed 
in a section drawn through the south quarry parallel to the great 
fault. 

At the south-western end of the quarry calcareous and ashy con- 
glomerates, representative of the basal conglomerates of Kirkland 
(Aa), are seen in vertical and even partially inverted position in 
contact with the igneous rocks of Craighead Hill. They pass below 
a thick group of nodular beds (Ab* and Ab), which, arranged in a 
basin-like form, run in perpendicular cliffs round the western and 
northern faces of the quarry. ‘These are actually concretionary 
limestones, rendered very impure by the presence of much soft green 
and grey mud: They contain an occasional Maclurea, and are 
crowded with an abundance of corals, the beautiful tracery of which 
may be made out by the lens in all the white seams and bands that 
traverse the face of every new-made fracture of the beds. 
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Fig. 13.—Sectron of Craighead Quarries. 
S.W. NE. 
Se eal Alt. «> 


a \ West Quarry. 


Fast Guerry, 


Stinchar Limestone Group. 
Abt. Didymograptus-zone :— 
(c) Shivery shales with Hnerinurus, Ampyx, Leptena, &e. 
(6) Blue calcareous and slightly carbonaceous shales with Climacograptus 
bicornis, Diplogr. rugosus, &e. 
(a) Nodular and highly calcareous shales crowded with fossils. 
Ab®. Compact Limestones, fossils rare. 
Ab?. Impure flaggy and nodular limestones, greatly shattered and folded, with 
rare Maclurea Logani and abundant corals. 
Ab. Sandy and flaggy limestones with Orthis, Leptena, &c. 


Kirkland Conglomerate, ~ 
Aa. Basal brecciated ard calcareous conglomerate and grit. 
x. Igneous and altered rocks of Craighead Hill. 
Car. Lower Carboniferous sandstones of the Girvan valley. 
Sf. Faults. 


The floor of the quarry itself and the little cliff supporting the 
roadway to the south is composed of the purer and more compact 
limestones which give the quarry its economic value. They are 
here greatly hardened and have a pale greyish-white tint when 
freshly broken. ‘They contain a larger proportion of carbonate 
of lime than elsewhere, and seem to have been quarried in thick 
and heavy masses. <A few of, the same fossils are procurable from 
them as those found in the muddier beds below, but they are much 
more difficult of extraction. 

The terminal beds of these compact limestones are seen at the 
foot of a boss of unexcavated rock which at present divides the two 
quarries from each other. This boss owes its existence to the cir- 
cumstance that the strata of which it is formed contain too little 
lime to be available for burning; and they have been allowed to 
remain, while the surrounding limestones have been quarried away. 
The strata seen in this boss are, however, of great value to the 
stratigraphist, as they enable him to complete the entire section of 
the calcareous series visible at this locality. 

In the western cliff of this mound the Compact Limestones are 
seen to be overlain by about 10 feet of grey and black Graptolitic 
shales, identical in mimeralogical character with the Didymograptus- 
shales (Ab*) of the Auchensoul band. They contain a few Graptolites 
and shells. Of the former, Mrs. Gray has here collected Crypto- 
graptus tricornis, Carr., sp., and Diplograptus foliaceus, Murch. 

In the grass-grown. flank of the boss on its south-west aspect 
these Graptolitic shales pass upwards into an equal thickness of hard 
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greyish-yellow shales crowded with casts of fossils of the genera 
Enerinurus, Ampyx, Trinucleus, Leptena, Strophomena, Orthis, and 
Cythere. 

Above these we find traces of the usual nodule-bearing con- 
glomerate. 

These fossiliferous shales are truncated at an acute angle by the 
strike-fault which runs along the axis of the synclinal between the 
two limestone-quarries. On the opposite side of the fault we find 
the more muddy and concretionary Maclwrea- and coral-beds. The 
tramway and grassy slopes below hide the main mass of these 
from sight; but when we search the roadway beneath we find evi- 
dence that they have in turn been underlain by green and purple 
sandstones, more or less pebbly, resembling the Orthis-confinis Sand- 
stones of the Stinchar (Ab') in appearance and composition, and 
in the presence of calcareous nodules, as well as in stratigraphical 
position. They contain the usual forms of Orthis, Leptcena, and 
Strophomena, and terminate the visible section. 

It is needless to insist upon the fact that we have in this locality 
a section similar in all its details to that typical of the Stinchar 
calcareous series of the district to the south of the Girvan valley, 
the natural members of the succession corresponding precisely in 
both districts in their position in the vertical series and in their 
petrological and palzontological characters, and differing merely in 
local thickness. 

In one grand respect, however, the calcareous rocks of Craig- 
head differ in a most extraordinary degree from their counterparts 
of the Stinchar plateau. In the latter district, these strata, though 
rarely affected by igneous protrusions, are, aS a general rule, 
strangely barren of organic remains throughout their entire vertical 
extent. In the present locality, though the beds have been greatly 
shattered and hardened ‘by faulting and crushing, fossils occur in 
profusion. The indefatigable researches of Mrs. Gray at this locality 
have been rewarded by the discovery of at least 100 different 
species of fossils of all the chief Lower Paleozoic groups, affording 
the paleontologist of the present day a more complete view of the 
fauna of the period than he would be able to construct from all 
the zoological data hitherto collected in Britain bearing upon the 
rocks of Craighead age. 

These fossils will be treated of in detail in the second part of the 
present memoir, and it will only be necessary here to make a few 
notes upon the remaining exposures of the calcareous beds seen in 
this locality. 

The strata in the new or eastern quarry are folded and faulted 
repetitions of those already described, crushed up against the igneous 
strata of Craighead Hill on the west, and passing out of sight below 
the roadway and clay-covered ground to the east. 

2. Calcareous beds of Thunderton and Glenrochie.-—The same cal- 
careous series is seen at several points along the Craighead fault, 
both to the south-east and north-east of the quarries themselves ; 
but few of the sections seen are worthy of an extended notice. 
Near the farmhouse of Glenrochrie, a line of deserted quarries affords 
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good exposures of the shattered beds of the calcareous group. The 
purple, veined, and brecciated basement conglomerate of Kirkland 
and Millenderdale is well exhibited, distinctly lying between the 
Ballantrae rocks and the calcareous series. The latter displays both 
the impure sandy zone of the Orthis-confinis beds and the overlying 
concretionary flagstones, yielding occasional examples of Maclurea 
Logan. 


(B) Toe Graproriric Fiacstone Series OF ARDMILLAN AND 
PENWHAPPLE. 


Having completed our description of the chief exposures of the 
great Benan Conglomerate and the calcareous strata which naturally 
underlie it, our next task is the determination of the nature and 
vertical distribution of the several groups of strata which immediately 
succeed it in the ascending order. — 

The difficulties which confront us in our quest are almost insig- 
nificant when contrasted with those we have had to overcome in our 
study of the calcareous zones below. The outer or superior edge of 
the great Benan Conglomerate is usually defined with tolerable clear- 
ness upon the ground. The highest zones of its massive boulder-beds 
dip almost everywhere below an overlying series of Graptolitic flag- 
stones and shales of a totally distinct petrological character. 

These Graptolitic flagstones occupy the whole of the Lower 
Paleozoic area south of the Girvan, with the exception-of that filled 
by the Benan-Conglomerate group and a narrow zone lying to the 
northward of the parallel of Saugh Hill. They are magnificently 
exposed in the deep gorge of Penwhapple and along the coast-line 
between Shalloch and Ardwell, while numberless confirmatory 
sections occur elsewhere. 

Everywhere along the boundary-line between the Benan Con- 
elomerate and the Graptolitic-flagstone series, where the sequence 
is unbroken, we find an intermediate zone of highly fossiliferous 
strata, which, both petrologically and palzontologically, partakes of 
the characters of the underlying conglomeratic group and the over- 
lying flagstone series, and which therefore it will be more convenient 
to treat of in this place before entering upon the description of 
the typical sections of the Graptolitic series. 


(a) Description of the Transitional Zone of Balclatchie. 


At the extreme north-western boundary of the continuous con- 
elomeratic sheet of Benan and Milljoan it is crossed by the infant 
stream of Penwhapple, which has excavated a narrow gorge in 
its highest beds near the Assel road, between the grassy slopes of 
Knockgerran and Balclatchie, exposing a most instructive section 
of their junction with the basal beds of the dark Graptolitiferous flag- 
stones and shales of the overlying series. 

1. Balclatchie Bridge (fig. 14).—At the highway-bridge of Bal- 
clatchie, which there spans the gorge, and for about a hundred yards 
below it, the Benan Conglomerate is recognizable in all its charac- 
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Fig. 14.—Typrcal Section near Balclatchie Bridge. 
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Ba. Ardwell Graptolitic Shales and Flags. 
a'. Dark carbonaceous and iron-stained shales, with Grapfolites. 
(7) Basal zone of calcareous and carbonaceous shales, with Climacograptus 
Scharenbergi, Lasiograptus Harknessi, and Cryptograptus tricornis. 
Ad’. Balclatchie Grits and Conglomerate. 
d?'", Ashy gritstones and flaggy beds, fossiliferous. 
d?"'", Calcareous boulder conglomerate, with Lingula canadensis. 
d?’. Green flagey gritstones, calcareous, fossiliferous. 
Ad’. Balclatchie Shales. . 
Grey and green calcareous and nodular mudstones, highly fossiliferous— 
with Barrandia, Reimopleurides laterispinifer, Ampyx Hornei, Asaphus 
gigas, Siphonotreta micula, Dicranograptus tardiusculus, &e. 
Ac. Benan Conglomerate. 
Coarse conglomerate and interbedded sandstones, with boulders of quartz 
and felsite. 
*, *, x. Basaltic dykes. 


teristic features. Boulders of quartz, granite and felstone, often of 
large size, are confusedly huddled together in a greenish matrix 
composed of a sandy or more or less ashy material, which weathers 
on the surface to a dull orange tint. Its highest beds are well ex- 
posed in some small cliffs that overhang the roadway to the north 
of the bridge, where they exhibit distinct evidence of their bedded 
nature in the visible arrangement of the rounded balls of white 
quartz and grey porphyrite in regularly parallel lines, and in the 
distinct alternation of coarse conglomeratic bands with others of a 
sandier texture. These all dip steadily to the northward, at an 
angle of from 50 to 60 degrees, and distinctly follow each other in 
unbroken sequence. 

The highest beds of the conglomerate proper can be studied foot 
by foot in these cliffs. Towards their termination they become 
somewhat looser in texture, and the matrix of the rock grows more 
sandy. At their summit, where they are pierced by three small 
basaitic dykes of a most interesting character, they pass up con- 
formably into an overiying group (the Balclatchie Beds, Ad) of 
calcareous shales and mudstones and flaggy grits, highly fossiliferous. 
The unbroken continuity of the sequence at this locality is easily 
demonstrated. ‘The pebble-beds characteristic of the Benan Con- 
glomerate below, and the shaly beds characteristic of the Balclatchie 
zone above, distinctly alternate with each other in a curious group 
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of passage-beds, in which the characteristic Balclatchie fossils may 
be collected from the shale bands lying below the terminal pebble- 
beds that mark the final disappearance of the peculiar physical con- 
ditions which gave origin to the Benan conglomerate. 

Balclatchie Shales, Ad'.—The lowest division of this overlying 
fossiliferous group is composed of about 40 feet of concretionary mud- 
stones of a dark bluish-green colour. and excessively jointed. They 
are somewhat calcareous, usually effervescing upon the application 
of an acid, and weather down into shivery fragments, the joints of 
which are coated by the yellow oxide of iron. They are well ex- 
posed upon the roadside; but they are even better displayed in a 
small cliff on the opposite side of the stream-course, a few yards 
distant. In the cliff, however, and in the floor of the stream at its 
foot, they are but slightly weathered, and they compose a tough 
homogeneous mass, which flies into rough conchoidal fragments 
only after repeated blows of the hammer. These green mudstones 
(which resemble the greenish Didymograptus-mudstones at the base 
of the Benan Conglomerate in all their petrographical characters), 
contain a profusion of organic remains, generally fragmentary, but 
always in an excellent state of preservation. This spot has long 
been known to paleontologists for the abundance and beauty of its 
fossils; and the fauna of these green shales has been more com- 
pletely worked out than that of any other single horizon (with the 
exception perhaps of the Craighead Limestone) in the Girvan region, 

The more characteristic fossils obtainable here are :— 


Dicranograptus tardiusculus, Lapw. | Lasiograptus Harknessi, Nich. 
Dicellograptus moffatensis, Carr. Climacograptus Scharenbergi, Lapw. 
Glossograptus Hincksii, Hops. Lingula attenuata, Sow. 

Asaphas gigas, De Kay. | Acrotreta Nicholsoni, Dav. 


Remopleurides Barrandii, Ether. Lepteena corrugatella, Dav. 
Theca simplex, Salt, 


Balclatchie Grits and Conglomerates, Ad’.—The small group of 
fossiliferous shales is succeeded immediately by a thicker set of 
sandstones and conglomerates of a most distinctive lithological 
character. 

The matrix of these overlying sandstones is of a dark green tint, 
passing into a blackish-blue colour upon the weathered faces. Their 
lowest strata are flagstones (d”’), each a few inches in thickness, 
and partly tormed of coarse irregular grains of felspar &c., as if de- 
rived from the washings of a greenish porphyry or volcanio ash. 

Here and there the beds are finer ; but nowhere are the component — 
grains of sufficient fineness to reduce the rock to the nature of a 
shale. It is, throughout, a coarse roughly bedded sandstone, breaking 
up into flake-like plates an inch or so in thickness, having the 
irregularly wrinkled or undulated bedding-faces characteristic of 
laminated dykes and volcanic gritstones. 

These flaggy sandstones, which yield an occasional badly preserved 
Brachiopod or coral, pass up into several feet of a coarse green con- 
glomerate (d*’), which is excellently exposed in a small cliff on the 
left bank of the stream. 

The matrix of this conglomerate is similar to that of the under- 
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lying sandstone, consisting of rounded fragments of felstone and 
quartz imbedded in a greenish dust. ut it is, in addition, highly 
calcareous along certain lamin, and presents that peculiar mode of 
weathering into concentric flakes so common among basultic dykes. 
The included pebbles are of quartz and several varieties of volcanic 
rocks, and are collectively of the same general type as those of the 
underlying Benan Conglomerate. 

Lying buried i in the sandier part of the matrix, and often scattered 
through the coarsest part of the conglomerate itself, occur many 
poorly preserved fossils. The most frequent are cora's and those 
Brachiopoda whose shells are composed of carbonate of lime, both 
of which groups are practically wanting in the hard Balclatchie 
mudstones below. ‘The commonest forms are :—- 


Lindstrcemia, several species. | Leptzna sericea, Sow. 
Fistulipora favosa, NV gH. -—— transversalis, Wahl. 
Strophomena corrugatella, Dav. | Bellerophon, &e. 
Lepizena quinquecostata. | 


The conglomerate passes upwards into a series of dark green ashy 
sandstones (d*”’’), identical in petrological character with those below, 
but generally thicker-bedded, and having about twice their vertical 
extent. They contain a few fossils of the same type as those of the 
underlying conglomerate. 

These green gritstones are well shown in the bed of the burn, 
lying at a medium angle upon the ashy conglomerate, where an old 
hill-road fords the stream. Immediately beyond, they are succeeded 
by the thick masses of dark flaggy shales and mudstones which form 
the bed and bounding walls of the gorge for a long distance below 
this locality, and which compose the first member of the overlying 
Ardmillan Graptolitic series (Ba), which falls to be described in the 
following section of this memoir. At the junction of the two groups, 
however, occurs a peculiar transitional band which must here be 
noticed. . Lt consists of a few feet of iron-stained shales, with seams 
of hard calcareous and concretionary rock. The shales contain 
abuudaut Graptolites of the species 


Cryptograptus tricornis, Curr. | Diplograptus foliaceus, Murch., &c. ; 
Lasiograptus Harknessi, Nich. ; 


while the calcareous band yields a few examples of Brachiopoda, 
chietly . 


Leptena corrugatella, | Orthis calligramma, &c. 


We learn, therefore, that in this special locality the Benan Con- 
glomerate becomes interstratified with fossiliferous mudstones at its 
summit; and what may be regarded as its final member, from a 
physical point of view, is a thin series of green gritstones, which 
are divided from the typical boulder-beds of the great conglo- 
merate below by a group of fossiliferous shales. The general 
identity of the matrix and enclosures of the gritstones with those. 
of the Benan Couglomerate is suggestive of the natural union of 
the gritstone group with the Barr or Stinchar series, rather than 
with the succeeding Graptolitic flagstones of the Penwhapple. The 
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dividing fossiliferous shales point in the same direction; for petro- 
graphically they are almost identical with those of the Didymograptus- 
beds which underlie the great conglomerate, while they are very 
different from the hard flaggy Graptolitic shales of Penwhapple. 
As will be demonstrated in the sequel, the paleontological evidence 
is even more strongly in favour of the union of these gritstones and 
shales which together make up our group of the Balclatchie Beds, 
with the Stinchar or Barr group; for the majority of the forms 
known from these beds are identical with those of the Craighead 
limestone. 

This fossiliferous gronp of gritstones and shales is therefore placed, 
in our scheme (see Table, fig. 31, p. 661), at the summit of the Barr 
or Stinchar Series, which constitutes the first great division of the 
Girvan succession, and embraces the whole of the strata lying be- 
tween the base of the Kirkland Conglomerate and the summit of 
these Balclatchie Beds. 

2. Burbae, §c.—The line of boundary between the great sheet of 
Benan Conglomerate and Graptolitic flagstone, ranging from Bal- 
clatchie Bridge to the neighbourhood of Millenderdale, has been care- 
fully searched by myself for traces of the Balclatchie Beds; but such 
exposures as do occur are very fragmentary and unsatisfactory. 

These highly distinctive and continuous sheets of strata are appa- 
rently separated from each other along the whole of this extent by 
an intermediate band of mixed character. Long tongues of hard 
gritstone and breccia run irregularly into the edges of the area of 
Graptolitic flagstones ; and irregular patches of concretionary shales 
and dark Graptolitic mudstones destroy the regularity of the margins 
of the area of the Benan Conglomerate. 

Broadly speaking, this intermediate band is largely composed 
of the green grits and fossiliferous mudstones of the Balclatchie 
Beds. On the Doon Hill, they lie apparently in a sharp synclinal 
in the conglomerate itself, while the fossil-bearing shales are 
again exposed in the roadway between the Dhu Craig and the 
water of Assel. At the angle of the same road about half a mile 
south-west of the farmstead of Balclatchie, the green fossiliferous 
oritstone and conglomerate are seen, containing a few shells, 
associated with green concretionary and dark laminated Grap- 
tolitic mudstones, and clearly interposed between the Benan rock of 
the east bank of the stream, and the sheet of flagstones seen in the 
numerous quarries opened for repairing the roadway. 

Between this locality and the farmhouse of Pinmery there are 
numerous exposures of the Balclatchie Beds. In the steep slopes of 
the Assel, about a quarter of a mile west of Pinmery, the highest 
beds of the Benan Conglomerate are seen to the north of the 
Tramitchell fault in several quarries and natural exposures. They 
are harder than usual, and the matrix is more of the nature of a 
coarse greywacke. ‘The included boulders are of great size,and are 
scattered irregularly through the mass of rock, in which few small 
pebbles are visible. Immediately above them the concretionary 
and shaly Balclatchie mudstones are seen in many isolated spots. 
They are succeeded at once by coarse green partly conglomeratic 
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gritstones, which pass upwards into the basal beds of the Graptolitic 
flagstones that fill the extended area to the north. 

A short distance to the south-west we find a magnificent exposure 
of these conglomeratit grits near the lime-quarries of Tramitchell. 
The extended area of Graptolitic flagstone is there bounded to the 
southward by a band of coarse pebbly grit, about 50 feet in thickness, 
which extends in an unbroken line from Pinmery to the north flank 
of Dalfask Hill, a distance of more than a mile and a quarter. 

At its eastern extremity it is seen in a shattered state in the 
roadside quarries about a hundred yards from the lime quarry. It 
there consists of a mass of sandy gritstones filled with small pebbles 
of quartz, greywacke, and various species of igneous rocks, and it is 
associated with distinctly bedded greywackes and shales of the usual 
type. Fossils are procurable with difticulty, mainly Leptena sericea, 
with a few Lamellibranchiata and fragments of Encrinites. 

In the road-side close to the farmhouse of Barbae the grit is well 
exposed to view in the hill-tace and roadway. It there abounds 
in fragments of quartz, and, except for its decidedly gritty matrix, 
has few points of resemblance to the typical Balclatchie grit. 
It contains a few fossils in some shaly seams at its summit. Lep- 
tena, Bellerophon and Ctenodonta were here collected by myselt. 

At its westernmost termination the grit is exposed in some old 
quarries west of the Dalfask burn. In this locality it is identical 
in composition and texture with the Barbae bed, but is weathered 
to a greyish yellow tint, and is apparently more fossiliferous than 
usual, containing many fragmentary examples of Leptwna, Lind- 
streemia and Encrinites. 

Crossing the broad sheet of Benan Conglomerate exposed in the 
hill of Dalfask and the valley of the Assel, we again come upon the 
Baleclatchie transitional beds on the ridge of Daldowie Hill. They 
occupy their normal place between the Benan Conglomerate and the 
great mass of the Graptolitic flagstones, which here stretch in un- 
broken mass for many miles southwestward, across the lower valley 
of the Assel, into the heart of the igneous region of Lendal Water. 
The numerous exposures of the transitional beds shown upon the 
hill-face west of the mountain-road from Pinmore to Minuntion 
present us with phenomena identical with those afforded by the corre- 
sponding geographical band between Balclatchie and Pinmery. 
The highest beds of the Benan Conglomerate are gritty and abound 
with quartz pebbles, varying in size “from that of a bullet to that of 
a man’s head. These beds are repeated in anticlinal folds again 
and again; and in the synclinals between them occur the concre- 
tionary and Graptolitic mudstones and the coarse green sandy rocks 
of the Balclatchie Beds. In one or two spots the shales, which 
eften weather to a yellowish drab colour, afford many small shells, 
of the general type of those of Balclatchie, such as Strophomena 
corrugatella, Dav., Leptena sericea, Sow., together with Ctenodonta 
and a form of Ampyw. 

3. Ardmillan Braes—The numerous sections of the Balclatchie 
group we have last noticed are all greatly deficient in recognized 
organic remains. In all prvbability this is mainly due to the 
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fact that they lie out of the usual track of fossil-collectors, But, with 
the exception of the thin seams on Daldowie Hill, few of the localities 
would repay an extended study ; for fossils, though certainly present, 
seem generally to be rare. 3 

In the fine exposure of the same beds near the shore at Ardwell, 
next to be described, fossils are remarkably abundant, and are speci- 
fically even more crowded than in the typical shales of Balclatchie 
Bridge. 

The great mass of Benan Conglomerate, which reposes upon the 
igneous and metamorphic rocks of Penbain and the Grey Hill, and 
stretches in a continuous sheet from Kennedy’s Pass to the rugged 
mound of the Byne Hill, plunges at a steep angle below the great 
mass of Graptolitic flagstones of Ardwell shore. The line of junction 
between the conglomerate and flagstones is obscured for the greater 
part of its extent; but for a limited distance about the centre of 
its range the intermediate Balclatchie Beds are seen in some old 
quarries in the hill-face above Ardwell farm, and in the steep burn- 
course of the little stream which passes the ancient castle of Ard- 
millan. 

In the old road which ascends the heights southeastward from 
the farm of Ardwell, the Graptolitic flagstones are seen striking from 
S.W. to N.E., and dipping at a steep angle seaward. On the heights 
above, the Benan Conglomerate is easily identified, having all its 
usual characters, and coinciding in its range with the more recent 
Graptolitic flagstones below. Midway between these two exposures, 
and thus occupying their usual intermediate geographical and geolo- 
gical position, the green concretionary mudstones of Balclatchie are 
visible in several quarries, trending in precisely the same general 
direction as the conglomerate and flagstones which enclose them. 
Some small streamlets which run past the quarries have trenched the 
superficial coating of the hill sufficiently to allow us to make out the 
details of the succession from the fossiliferous mudstone into the 
heart of the great Conglomerate. 

Commencing at the summit of the section, we notice that some 40 
or 50 feet of the Benan Conglomerate are exposed. The matrix has 
the usnal gritty character of the upper beds of the formation. and 
shows the normal preponderance of porphyrite and quartzite pebbles. 

In immediate conta-t with the conglomerate, but dipping almost 
vertically in the opposite direction, occur some 20 feet of coarse 
well-bedded gritstones, with a greenish grey interior, but weather- 
ing to a purplish tint upon their edges. These are succeeded 
by a slightly greater thickness of calcareous sandstones, abundantly 
fossiliferous upon several horizons. They contain Remopleurides 
dorsospinifer, Asaphus gigas, Staurocephalus globiceps, Phacops 
Brongnuarti, Orthis calligramma, O. Actonie, Leptena tenuicineta, 
Murchisonia, and all the characteristic Balclatchie fossils. 

After a short interval of concealment we reach the green concre- 
tionary mudstones, of which 60 or 70 feet are exposed in the quarries 
and in the natural sections. In their mineralogical characters they 
are identical with the shell-bearing beds that follow immediately 
upon the Benan Conglomerate in our typical exposure at Balclatchie 
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Bridge, having the same concretionary structure, and being equally 
difficult of disintegration under the hammer. The fossils, too, are 
preserved precisely in the same manner; the majority are found in 
perfect relief, the chitinous forms with highly polished surfaces, and 
the Testacea with their shells often beautitully preserved. 

The commonest forms that meet the eye of the collector in these 
shales are identical with those of the green mudstones of Balclatchie, 
The following are especially numerous :— 


Theca reversa, Salt. | Strophomena, sp. 
Bellerophon acutus. Rhaphistoma, sp. 
Modiolopsis, sp. | Dicranograptus tardiusculus. 
Leptena tenuicincta. | Didymograptus moffatensis. 
sericea. Cyclonema crebristria. 


The Graptolitic flagstones of Penwhapple are not exposed at this 
locality, with the exception of the basal calcareous and carbonaceous 
band, which yields its usual Lasiograptide in good preservation. 

The relation of the fossiliferous Balclatchie Sandstones to the 
Benan Conglomerate at this locality is presumptive of a dislocation 
between the two: and if the natural sequence contains the same 
members here as at Balclatchie, the beds here in contact with the 
conglomerate must be the highest beds—the fossiliferous mudstones 
being the lowest strata of the transitional groups here exposed, and 
owing their great thickness to their being arranged in anticlinal 
form. ‘The hiatus in the succession would naturally be filled by the 
Graptolitiferous mudstones, over which follow the shell-bearing grit- 
stones in their proper sequence. 

If this be the true interpretation of the*visible phenomena, it 
follows that the shell-bearing gritstones should be repeated between 
these quarries and the Graptolitic flagstones visible in the roadway, 
or must be again cut out by a fault. That the latter supposition is 
in all probability the correct one is evident from the fact that where 
the sequence is unbroken, a quarter of a mile to the westward, it is 
identical with that at Balclatchie, as is also the case in Ardmillan 
Burn about half a mile further to the east. 

4, Ardmillan Burn.—In the steep and narrow gorge excavated 
by the little burn of Ardmillan a continuous section is laid bare 
from the Benan Conglomerate into the heart of the Graptolitic flag- 
stones. The Balclatchie beds themselves yield many of the same 
fossils as those found at Ardmillan Braes ; but the phenomena they 
present afford us little worthy of notice as respects the stratigraphy 
of the group. 

5. Laggan Gill.—In the narrow glen which separates the two 
masses of Benan Conglomerate that cap the points of Laggan Hill 
and Glendrissoch, the Balclatchie Beds are displayed in the banks of 
the small streamlet which passes the old hamlet of Laggan. 

‘he section here is, in many respects, a most remarkable one. 
The structure will be understood from the accompanying section 
(fig. 15). The Balclatchie shales and gritstones are seen in in- 
verted position in the cliffs to the west of the little gorge, and 
yield a few of the usual fossils, which, however, are procurable with 
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Fig. 15.—Seetion at Laggan Gill. 
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Ba’. Basal zone of Graptolitie flagstones—soft shales, with Lwsio- 
graptus, Cryptograptus, Trachyderma, &e. 

Ad?. Balclatchie grits and flagstones. 

- Ad}. Balclatchie mudstones, much broken. 

Ac. Benan Conglomerate, 

Ballantrae Rocks :-— 
Sy. Syenitie rock. 
L. Calcareous rock shattered and altered. 
x Altered breccias. 


difficulty. This is nevertheless by no means the case with the 
peculiar transitional zone at the summit of the group, which occurs 
here in its normal position at the base of the Graptolitie flagstone 
series. Its strata, although greatly folded, are crowded with the 
characteristic Graptolites and Brachiopoda in a state of exquisite 
preservation. 

The commonest forms are Cryptograptus tricornis, Carr., Lasio- 
graptus Harknessi, Nich., Climacograptus bicornis, Hall, C. Scharen- 
bergi, Lapw., Diplograptus rugosus, Kmm., D. foliaceus, Murch., 
together with species of T’rachyderma, Cythere, &e. Ke. | 

This Balclatchie band is prolonged to the south-eastward of 
Laggan Gill, along the northern margin of the conglomeratic area 
of Dinvin and Dalfask, into the neighbourhood of barbae and Tra- 
mitchell, where it has been noticed already. 

6. Dow Hill.—Upon the inher of Dow Hill (see map, Pl. XXV.) 
the Balclatchie mudstones, which there repose in their natural place 
upon the Benan Conglomerate, have yielded to the persevering re- 
searches of Mr. Robert Gray a large suite of fossils, identical with 
those of the typical locality and of Ardmillan Braes. The same 
Balclatchie zone is met with in a corresponding position at several 
spots on both margins of the Pinmore synclinal, while the overlying 
transitional seam (Ba”) occurs at various localities within the same 
area, and is abundantly fossiliferous. It is needless to enter into 
further details of these exposures. 

Summary.—The strata which next fall to be described are the 
Graptolitic Flagstones and Shales of Ardwell and Penwhapple. 
These, however, are so distinct in their lithological and paleonto- 
logical features from the rocks already noticed, that it is impossible 
to place them in the same systematic group. We are therefore 
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forced to regard the first major formation or division of the Girvan 
Succession as being terminated above by the final zone of the Bal- 
clatchie Beds last described, the overlying Graptoliferous flag- 
stones and shales of Ardwell forming the first member of a second 
and succeeding division. 

The facts adduced in the preceding pages render it absolutely 
certain that the great Benan Conglomerate (Ac), which we originally 
selected as our general horizon of reference, is everywhere wnderlain 
by the Stinchar Limestone (Ab), and its associated basal conglo- 
merate and sandstone of Kirkland and Craighead, and everywhere 
overlain by the transitional zone of Balclatchie (Ad). From the 
base of the Kirkland Conglomerate to the summit of the Balclatchie 
Beds, the sequence is demonstrably continuous ; while the various 
fossiliferous subformations are united by a general. community of 
organic remains. We therefore regard the strata within these 
limits as collectively constituting the first recognizable major di- 
vision or formation in the Girvan Succession. 

To this primary division we assign the title of the Barr Series, 
after the name of the village where its strata are most effectively 
displayed to the investigator. The entire division may be broadly 
defined as a series of conglomerates and boulder-beds, relieved by 
zones of limestone, sandstones, and fossiliferous shales. Its compo- 
nent subformations, as we have seen, vary greatly in thickness, 
even within the limits of the Girvan region ; but they everywhere 
retain the same stratigraphical interrelations, lithological features, 
and characteristic organic remains. 

The ascending order among the several members of the Barr 
Series is given in the following Table :— 


A. Barr series. (700 to 1000 feet.) 


Aa. Kirkland or Purple Conglomerate and Sandstone ...... 30-200 feet. 
Ab. Stinchar or Craighead Limestone Group .................. 100-150 _,, 
Ab!. Orthis-confinis flagstones. 
Ab’. Maclurea-beds. 
Ab’®. Compact Limestones. 
Ab*. Didymograptus-shales. 
Ae. Benan or Green Wonglomerate: oo... 2 ).v.s.nesscsecnens Joes 500-600 _,, 
MA aMisall Clatelie HACUst f, 20%. acgsec et soc dente one weeaececacees wa. 80-100 ;; 
Ad'. Balclatchie Mudstones. : 
Ad?. Balclatchie Grits and Conglomerate. 


(b) Description of the Typical Section of the Graptolitic-flagstone 
Series of Ardmillan Shore. 


As we have already pointed out, the great Barr or Stinchar series, 
which is terminated above by the fossiliferous zone of the Balclatchie 
beds last described, is bounded everywhere on its northern or upper 
margin by a group of flagstones which occupy collectively a con- 
tinuous area equal in geographical extent to that filled by the 
Stinchar series itself. The ground occupied by these flagstones 
extends northward from the margin of the Benan Conglomerate to a 
line of fault which ranges from the coast-line south of the town of 
Girvan across Saugh Hill inland to the Old-Red-Sandstone heights 
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of Hadyard and Garleffin. Throughout this extended area these 
beds consist essentially of thin-bedded flagstones and shales, with 
occasional zones of sandy and pebbly grit. Where they become car- 
bonaceous they contain an abundance of Graptolites, generally, 
however, of few species. A few calcareous seams are met with at 
intervals; and these yield fragmentary Trilobites, Cephalopoda, and 
Brachiopoda. The whole of the beds are thrown into innumerable 
folds and contortions, are frequently inverted, and are much dislo- 
cated by local faults. But the lowest beds everywhere distinctly 
repose conformably upon the great sheet of Benan Conglomerate, 
from which they graduate through the transitional zone of the 
Balclatchie Beds. ‘This fact, as we have shown, holds good, not only 
with respect to the main mass of conglomerate itself as seen at 
Balclatchie, but also in the many disconnected exposures of the same 
rock in the hills of Barlae, Laggan Gill, and in the terminal strip of 
Benan Conglomerate which descends from the Ballantrae rocks of 
Grey Hill, ‘fu runs out to sea in the headland of Kennedy’s Pass. 

It is in the last of these localities that the succeeding Graptolitic 
series is most completely exposed to the inspection of the stratigraphist 
and paleontologist. Its strata constitute the floor of the old raised 
shore-terrace of Ardmillan and Woodlands, and are truncated 
obliquely by the sea along the rocky coast-line between Kennedy’s 
Pass and the hamlet of Shulloch, for a distance of about three miles. 

An almost continuous section of the beds is laid bare along the 
shore throughout the whole of this extent. The strata run out to 
sea in a low platform which is never entirely covered by the waves 
and is wholly exposed to the investigator at low tide. 

The main highway from Girvan to Ballantrae is carried along the 
seaward edge of this platform: so that the student of the geology of 
the district enjoys exceptional advantages in the study of the flag- 
like Graptolitic deposits of this locality. 

The most conspicuous object upon this raised platform is the 
ancient house of Ardmillan, the seat of the proprietor of the neighbour- 
ing estate. It lies at the foot of the wooded slopes of Mains Hill, 
and about the centre of the area occupied by the flagstone group. 
This circumstance has suggested to me the title of Ardmillan Group 
as a collective name for the flagstone series, a title which marks 
definitely the special locality where its strata are most satisfactorily 
exposed. 

A section drawn transversely across the rocks of this area displays 
the succession shown in the accompanying figure (fig. 16). The 
elevated heights of Mains Hill and Grey Hill are formed of the bedded 
and intrusive rocks of the Ballantrae region—syenitic, dioritic and 
felspathic. Upon these, inclined at a steep angle, leans the great 
sheet of Benan Conglomerate and its associated Balclatchie beds, 
extending to the shore-line in the cliffs of Kennedy’s Pass. This 
occupies all the higher portions of the northern slopes of these hills. 
and ranges downwards to the edge of the cultivated grounds of 
Ardmillan and Ardwell. 

1. Ardwell Shalesand Flags.—The Conglomerate series is succeeded 
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Wuitenouss Bes Barren Fracstones. 
Db. Woodland Beds. (1). Lower division—-grey flagey shales, with thick ribs and 
ILI. Coarse yellow grits, flagstones, and conglomerates. bands of calcareous grit, ailording Leptena sericea, L. trans- 
IL: Striped carbonaceous shales, with Climacograptus rectan- versalis, Ke. 
gularis and Monograptus tenuis. (x). Basal shales crowded with Dicellograptus Forchhammert &e. 
I. Caleareous flags and limestone (Lower Pentamerus-lime- | Ba. Ardwell beds. 
stone), with Stricklandinia lens, Pentamerus oblongus, E’n- 6. Thin-bedded flaggy shales, crowded with Climacograptus cau- 
crinurus punctatus, &e. datus &e. 
Be. Barren or Shalloch flagstones. 5. Flagey beds, with Dicranograptus ramosus &e. 
B. Thick-bedded flagstones, with partings of green shale and 3, 4. Splintery shales, iron-stained, with Corynoides calycularis &e. 
mudstone, barren of fossils. 2. Thick-bedded hard grey flags, with partings of hard striped 
a. Thick-bedded shales and mudstones, with ribs of hard grey shales ; fossils rare, principally Diplograptus rugosus, Enm. 
flagstones, Nematolizes Graytt, &e. 1. Hard slaty shales and nodular striped mudstones, carbuna- 
Bb. Whitehouse beds. ceous, ferriferous ; fossils rare. 
(2). Upper division—green and purple mudstone and thin- | Ad. Balclatchie beds. 
bedded flags, with calcareous and carbonaceous seams: (Faulted out of shore-section ; seen ix situ upon heights above 
Dionide Lapworthi, Aiglina rediviva, Dindymene, sp., Dic- Ardwell Farm.) 


tyonema, Dicellograptus complanatus, Diplograptus socialis, | Ac. Benan Conglomerate. 


596 PROF. C. LAPWORTH ON THE GIRVAN SUCCESSION. 


immediately by the basal division of the great overlying Graptoli- 
tiferous series. ‘The lowest beds of this division are well exposed 
in several natural and artificial excavations along the line of section, 
in a magnificent and unbroken cliff-section between the farm of 
Ardwell and the rocks of Kennedy’s Pass, and in the sides of the 
narrow gorge dug out by the little stream of Ardmillan itself. 

The inferior zones of this lowest division of the Flagstone group 
may be seen dipping off the Balclatchie Beds in the gorge of 
Ardmillan and in the slopes of the neighbouring heights, while they 
agree everywhere in strike and inclination with the underlying 
group. : 

The middle beds are best exposed in the coast-section south of 
Ardwell, where they can be studied foot by foot in the continuous 
exposures washed by the sea-waves. The lowest beds are thin-bedded 
shales, of a dark grey colour, with a few seams or ribs of hard grey 
rock. They are more or less carbonaceous, and weather with a 
rusty exterior. They yield afew Graptolithina, chiefly Diplograptus 
foliaceus, Murch., D. prisiis, His., D. rugosus, Emm., Climacograptus 
bicornis, Hall. Higher up, the rocks become rapidly coarser and 
more flag-like in their character, until in their highest zones near 
the farm of Ardwell they may be described as a series of dark-grey 
tlagstones from four to six inches in individual thickness, separated 
by partings of dark grey shale. The same fossils are here met with 
as in the lower zones, and, in addition, Dicranograptus ramosus, 
Corynoides calycularis, Ecculiomphalus Buckland and an occasional 
Brachiopod. ‘The highest zone is formed of striped shales crowded 
with hosts of Climacograptus caudatus and Diplograplus rugosus. 
The exposure of these beds is terminated suddenly by the sandy bay 
of Ardwell; and the rocks which next make their appearance are the 
lowest zones of the succeeding group. 

Although the oblique section of the Ardwell shales and flags upon 
the coast here between Kennedy’s Pass and the farmland of Ardwell 
exceeds a mile in length, the actual transverse breadth of the zone is 
less than one fourth of a mile, so that at their average inclination of 
about 70° or 80° the thickness of the Ardwell Beds here exposed 
cannot exceed 1000 feet. It is more than doubtful, however, if the 
entire thickness of the Ardwell Beds is here developed, as the 
hiatus in the bay probably marks the position of a line of fault 
that cuts out a group of flaggy sandstones and grits (Cascade Beds, 
compare p. 606), which appear to constitute the higher parts of the 
Ardwell Beds in the interior of the country. 

The Ardwell Beds, as seen in this typical locality, are much more 
intensely hardened than is generally the case in the inland sections, 
and fossils are rarer and more difficult of extraction. The group is 
well characterized, however, by its peculiar petrological features. 
Wherever a transverse section of beds is laid open, the strata are 
seen to be normally formed of thin seams of alternate grey and black 
or. blue lamine. ‘This gives to the beds a somewhat striped appear- 
ance, which is most characteristic. The quantity of carbonaceous 
matter present is comparatively large; and iron is sufliciently 
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abundant to cause the entire series to weather to a deep rusty 
colour. 

2. Whitchouse Beds.—Crossing the sandy floor of the small bay of 
Ardwell, already referred to, where there is a break in the section 
of about 100 feet in calculated thickness, we enter next upon a 
group of strata of a totally distinct petrological character. This 
new group has here a collective thickness of about 200 feet; and its 
strata are easily studied at many points along the coast-line between 
Ardwell and Shalloch Mill. Their entire thickness, however, is 
shown only in the present locality, along the shore-line between 
Ardwell Bay and the old ruin ef Whitehouse, which is built upon 
them, and after which I have named them. 

These Whitehouse Beds consist of a series of shales and mud- 
stones, of colours varying from bright red and purple to greyish 
green and biack, and showing numerous intercalary ribs and zones 
of grey flagstone. But by far the most characteristic feature of the 
formation is the frequent presence of impure calcareous bands or 
‘“* cement-stones,”’ crowded with fragmentary Brachiopods and Tri- 
lobites. 

The entire group falls very naturally into two main divisions—a 
lower division of grey shales and striped flagstones, and an upper 
division of purple and green mudstones. 

Lower Whitehouse Beds (Bb').—The basal band of this subgroup is 
formed of striped grey and green somewhat carbonaceous shales, 
much softer than those of the underlying Ardwell group, from the 
terminal beds of which they are divided by the sandy beach of 
Ardwell Bay. They contain abundant examples of Dicellograptus 
Forchhammert &e. 

. The middle subdivision is characterized as a whole by the pre- 
sence of numerous ribs of calcareous matter, filled with small pebbles, 
and yielding a few fragmentary Brachiopoda. These calcareous 
zones are imbedded in masses of barren greenish-grey flagstones, 
separated by striped shales destitute of alltraces of organic remains. 

The commonest fossils I have been able to collect from these 

cement-beds are :— 


Leptena transversalis, Orthis calligramma. 
sericea, Sow. Strophomena, sp. 


As we ascend the succession the hard flaggy ribs become more 
closely approximated, but otherwise the character of the beds 
remains essentially unmodified for about 100 feet of thickness. 

They are followed by a final group of some 50 or 60 feet of strata 
of a most peculiar character. These consist of soft green mud- 
stones, filled with a multitude of hard siliceous ribs, about an inch 
in thickness and one or two inches apart. The action of the sea- 
waves has dug away the soft mudstones to some depth, leaving the 
intervening hard ribs projecting in long jagged parallel lines upon 
the floor of the sea-platform, giving a most striking appearance to 
the little group as here exhibited. 

Upper Whitehouse Beds (Bb*).—Next succeeds the Upper and most 
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characteristic division of the Whitehouse beds. It consists of about 
8U teet of brightly coloured mudstones, shales, flags, and calcareous 
beds, remarkable not only for their unique petrological features, but 
also for the variety and abundance of their organic remains, 

The lowest beds of the division consist of 15 feet of dark-green mud- 
stones, filled with lines and bands of purple shale. They are suc- 
ceeded at once by a thickness of about 30 feet of soft mudstones of a 
brilliant purple colour. These are soft and easily disintegrated, and 
have here been worn away by the sea-waves into a deep hollow 
between the underlying and overlying intractable grits and flag- 
stones. They are totally barren of fossils throughout. So far as 
can be made out by piecing together the greatly shattered beds at 
this spot, they pass insensibly upwards into a particoloured zone of 
mudstones, about 15 feet thick, purple and green like those at their 
base, and equally barren of organic remains. 

Finally we have a zone of 2 feet, hard flagey beds, of which only 
disconnected patches are visible at this locality. These consist of 
flaggy-looking and sandy beds, which stand up on edge amid the sea- 
waves as several prominent bosses, and are only accessible at low 
tide. They are almost wholly composed of platy shales and flagstones, 
more or less calcareous, striped by thin seams of carbonaceous 
matter, and including several highly fossiliferous seams crowded with 
fairly preserved ‘Trilobites and Graptolithina. 

The commonest forms I have procured from these beds at this 
locality include :-— 


Cyclopyge rediviva, Barr. complanatus, Lapw. 

armata, Barr. Diplograptus socialis, Lapw. 
Dindymene, sp. Ciimacograptus tubuliferus, Lapw. 
Agnostus perrugatus, Barr. Dictyonema. 

Turrilepas Peachii, Eth. jun. Ganocladium. 


Dionide Lapworthi, E7h. jun. | Dicellograptus Morrisi, Hops. 


This fossiliferous zone is succeeded immediately by the thick- 
bedded flagstones of the overlying Barren-flagstone group (Be), to be 
noticed later on. Only a few feet, however, of these overlying flag- 
stones are here exposed to view, and their description is best 
deferred until we have completed our study of the distribution of the 
Whitehouse Beds along the coast-section of this neighbourhood. 

It will be apparent on a study of the map (No. 3, Pl. XXV.) that 
these Upper Whitehouse Beds, with their remarkable seams of purple 
shales and ribbed mudstones, can be followed as a continuous band 
running along the general line of the coast from Whitehouse to the 
mouth of the Byne-Hill Burn, for a distance of about amile. They 
are much interfered with locally by small dislocations; but the 
continuity of the band is never actually interrupted, throughout 
its entire length. 

At the head of Port Cardloch, close to the lodge-gate of Ardmillan 
House, some of these local dislocations are well shown; and a thin 
set of hard green conglomeratic grits makes its appearance at the 
base of the series, forming a conspicuous vertical wall of rock. 

After crossing the cultivated angle of Woodland Point, we again 
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come upon the band of purple and green mudstone in Woodland Bay. 
Here only a few feet of the ribbed shales are discernible, projecting 
from the sand of the beach; but there seems to be a fuirly unbroken 
section from these ribbed beds into the basal beds of the succeeding 
Barren-flagstone group, through the purple mudstones and Dionide- 
seams, though only a few fragmentary Graptolites are obtainable 
among the shattered and sodden strata. 

For the next quarter of a mile the Whitehouse Beds are generally 
hidden from sight below the sandy beach of Woodland bay ; but 
where they next put in an appearance, viz. in Myoch Bay, upon the 
shore-line near Shalloch Mill, we have by far the most complete 
and satisfactory exposure of their upper zones in the Girvan district. 

The geographical relations of these beds upon the ground are given 
in the following sketch plan (fig. 17) ; and the interrelationship of the 
various component zones will be evident upon a study of the accom- 
panying section. 

Myoch Bay.—The deepest strata shown in the continuous section 


~ laid open from 8. to N. across the exposure in the floor of Myoch 


Bay, are the coarse, thick-bedded and gritty sandstones recognized 
by us in the faulted patch at Port Cardloch. Next succeed the green 
shales, with ribs of harder and gritty flags. Of these at least about 
forty feet are exposed, forming some jagged reefs to the right of the 
little grassy headland south of the bay. 

Above follows the first band of the Upper Whitehouse group, 
consisting of about 15 feet of soft green mudstones and shales, 
with lines of purple mudstone. ‘These are easily followed for some 
distance round the corner of the little headland to the south, much 
interfered with, however, by numerous longitudinal and transverse 
faults. 

The central parts of the bay are wholly occupied by the Upper 
Whitehouse Beds. ‘To the S.E. lies the zone of purple mudstones. 
These are bent into innumerable folds and wrinkles, and are dug out 
into the usual broad hollow. It is difficult to estimate their thick- 
ness ; but this cannot be more than about 30 feet. They are followed 
to the north by the second transitional zone of green mudstones 
with purple seams, which passes upwards into the fossiliferous 
division that terminates the banded series. These Upper transi- 
tional beds have an estimated thickness of about 20 feet. 

The final or fossiliferous subgroup js greatly contorted and broken ; 
but when carefully mapped in detail the following succession is 
easily made out :— 

(1) Dicellograptus complanatus zone. Black shales, highly car- 
bonaceous, with a few seams of grey mudstone and calcareous grit, 
crowded with Graptolites (5 feet). 

Diplograptus socialis, Lapw., is the commonest form, and occurs 
in hosts. Less frequent are the forms named in the following 
list :— 

Climacograptus tubuliferus, Lapw. Theca triangularis, Portlock. 

Dicellograptus complanatus, Lapw. Lingula. 

—— Morrisi, Hopk. 
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(2) Dictyonema-zone.—Hard flaggy shales (9 feet), with ribs of 
grey calcareous rocks. In certain zones these beds contain an 
abundance of Dictyonema, together with numerous fragments of 
Phyllopoda, Lingulide, and Diplograptide. 

The characteristic forms are Dictyonema, Ganocladium, Lingula. 

(3) Dironde-beds.—Finally we have a thickness of about 6 feet of 
mudstones, containing such a large proportion of calcareous matter 
that in places they rather deserve the title of impure nodular lime- 
stones. They afford a large and varied association of fossils, some 
of which are beautifully preserved. 

The commonest collected from these beds by Mrs. Gray or myself 
include :— 


Trinucleus seticornis, Hs. | Murchisonia. 
Asaphus, sp. Bellerophon. 
Tilenus Bowmanni, Salt. Ctenodonta. 
Agnostus perrugatus, Barr. Orthonota. 


Before terminating the description of the Whitehouse-Bay beds at 
this locality, mention must be made of the section visible in the 
lower reaches of the Byne-Hill Burn, which empties itself into 
Myoch Bay a few yards to the south-west of the locality we have 
last noticed in detail. These beds are exposed in the stream-course 
near its mouth, and are of the same general character as those of 
the majority of the Whitehouse group, to which they unquestionably 
belong; but the absence of definite ribs of flagstone from among the 
soft blue shaly mudstones of which these Byne-Burn beds are made 
up, will not allow us to parallel the little group satisfactorily with 
any of the zones already described. In the Byne-Hill Burn they 
consist of about 100 feet of soft blue flaggy mudstones, arranged in 
thin beds, and striped with numerous seams of carbonaceous matter. 

They contain some well-preserved Graptolites, viz. :— 


Leptograptus flaccidus, Hall. Diplograptus quadrimucronatus, Hall. 
Pleurograptus linearis, Carr. foliaceus, His. 
Dicellograptus Morrisi, Hopk. Climacograptus tubuliferus, Lapw. 


The Myoch-Bay and Byne-Hill-Burn exposures are the final ex- 
hibitions of the Whitehouse Beds in this locality, the strike of the 
strata carrying them inland beneath the cultivated flats of Shalloch 
and Ballochmyle. 

3. Barren Flagstones of Shalloch Mill—The band of purple and 
grey fossiliferous mudstones of the Whitehouse Beds last described 
is succeeded to the northward, throughout the whole extent of its 
range from Whitehouse to Myoch Bay, by a thick series of shales, 
flagstones, and greywackes of a dull greyish-green colour, generally 
destitute of all trace of unequivocal fossil remains (III., fig. 17). 
The breadth of this Barren-flagstone group upon the ground at its 
widest horizontal extension (as near Woodland Point) is about 
200 yards. As the beds are nearly perpendicular, this would give 
the group an approximate thickness of about 500 feet. 

For the first 50 feet of their thickness the Barren-flagstone strata 
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consist of pale-green mudstones and very thin flags, having the same 
general dip and strike as the underlying Whitehouse Beds, out of 
which they graduate conformably. These shaly beds contain fre- 
quent examples of the enigmatical fossil Nematoltes Grayii, a form 
that preeminently distinguishes this group throughout the Girvan 
region. 

its we ascend in the succession, thick beds of flagstone gradually 
make their appearance among the mudstones, with which they agree 
exactly in their colour and composition, but are somewhat coarser 
and more compact in texture. At first these ribs of flagstone occur 
regularly at intervals of about 3 feet, and are usually not more than 
a foot in thickness. When we have overpassed the central line of » 
the group, however, the ribs rapidly increase both in abundance 
and in individual thickness, so that finally they become, physically, 
much more important than the mass of soft shales and mudstones in 
which they are intercalated. Many of these flaggy beds attain here 
a thickness of from 3 to 4 feet, while the intermediary shales have 
dwindled down to a few inches. Near the summit of the group, 
however, as exhibited along the coast-line, the flags again become 
thinner and less conspicuous, and the shales regain their normal 
importance in the succession. 

This band of Barren Flagstones forms a conspicuous feature on the 
surface of the coast-section, both eastward and westward from their 
typical exposure in Woodland Bay. They are well displayed in 
both sides of Port Cardloch, following immediately upon the fossi- 
liferous zone of the Whitehouse Beds, their hard ribs standing up 
perpendicularly on the rugged coast-platform, divided from each 
other by the deep grooves from which the soft intercalary shales 
have been eroded. In Whitehouse Bay also they are shown in the 
same geological position ; but only a few feet of their lowest zones 
are exposed, even at low water. 

They form two small islands in Woodland Bay, in which their 
hard, thick-bedded central beds are prominently shown. 

In the fine exposure formed by the rocky floor of Myoch Bay 
their basal beds of soft green mudstones are seen following at once 
upon the fossiliferous calcareous beds of the Whitehouse group. 
Here, too, they yield an abundance of the characteristic fossil 
Nematolites Grayvi, Lapw., and an occasional example of Dicello- 
graptus, as at Woodland Point. 

Between Shalloch Mill and the rock of Craigskelly the coast-line 
turns to the northward, crossing the line of strike of these beds. 
The central beds of the group are seen in one or two spots projecting 
from the sandy floor of the bay, and ranging thence into the interior 
of the country, where their geographical distribution will be described 
in subsequent paragraphs of this memoir. 

It will be apparent from a study of the map (Pl. XXIV.), that 
we have now descrbed all the strata visible along the coast-platform 
between Ardwell and Shalloch, with the exception of those occurring 
at the extreme point of Woodland promontory, the island of Craig- 
skelly and its neighbours, and the little point at Shalloch Forge. It 
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will be shown later on that these outer strata have no connexion 
with the Ardmillan Graptolitic series, but that they consist of mas- 
sive boulder-beds and Pentamerus-limestones of much later geolo- 
gical age. They are separated from the Barren Flagstones by a 
gigantic strike-fault ranging from Shalloch Forge to Whitehouse 
Bay. The evidences of this dislocation will be given in the sequel. 
In the Stinchar conglomeratic group, and the overlying Graptolitic 
Flagstone series, as developed along the coast-line between Kennedy’s 
Pass and Craigskelly, we have therefore at this stage of our inquiry 
recognized the following succession in ascending order :— 


(A) Stinchar or Barr Series. 

Ac. Benan Conglomerate of Kennedy’s Pass. 

Ad. Balclatchie beds of Ardmillan Braes, 100 feet. 
(B) Graptolitic Flagstone or Ardmillan Group. 

Ba. Ardwell Beds, at least 1000 feet. 

1’. Thin-bedded shales and mudstones, striped, carbonaceous, 
iron-stained, with Diplograptus rugosus and Climacograptus 
bicornis. 

2’. Thicker-bedded shales and flagstones, striped, ironstained, 
with occasional gritty seams—Diplograptus foliaceus and 
Diplograptus pristis, Corynoides ealycularis. 

Bb. Whitehouse Beds, 300 feet. 

1. Striped flags and shales with zones of cement-stone—Leptena 
sericea and Dicellograptus Forchhammeri. 

2. Variegated mudstones and calcareous shales, with Dionide, 
Trinucleus, Asaphus, Agnostus, Cyclopyge, Diplograptus 
laccidus, Pleuwrograptus linearis, Diplograptus quadrimucro- 
nartUus. 

Bc. Barren Flagstones, 500 feet. 

1. Green shales with occasional zones of flagstones—Nematolites 
Grayit. 

2. Thick-bedded green flagstones, with partings of dark green 
shale. ~ 


(c) Description of the Confirmatory Section of the Graptolitic 
Flagstones visible in Penwhapple Glen. 


The thick series of Graptolitic and non-fossiliferous shales and 
flagstones which make up the Ardmillan group, attain their greatest 
geographical extension in the Girvan region in the moorland area 
to the east of Byne Hill, where they occupy a continuous tract of 
country from half a mile to one mile and a half in width, which 
stretches inland from the coast-platform of Ardwell and Shalloch 
(last described) to the hills of Knockgerran east of the gorge of 
Penwhapple. 

The stream of Penwhapple, after leaving the conglomeratic area 
of Milljoan and Knockgerran, upon the intractable masses of which 
it spreads out in wide swampy flats, descends suddenly upon the 
softer Graptolitic series at a short distance below the bridge of Bal- 
clatchie. To the north of this point, aided by the more easily dis- 
integrated nature of the strata over which it flows, it has excavated 
a profound gorge, three miles in length, and from 50 to 100 feet in 
depth. From end to end of this gorge a continuous and unbroken 


section of the rocky floor of the district is laid open to the inves- 
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tigator (fig. 18): and the evidence it affords him of the arrangement 
of the component strata, and of the numerous folds and dislocations 
which have affected them, is invaluable. 

(1) Ba. Ardwell Flags and Shales.—For the upper two miles of 
its course the glen has been excavated in the flaggy rocks of the 
Ardmillan group. We have here therefore an excellent oppor- 
tunity of testing the accuracy of our interpretation of the sequence 
of these strata, as deduced from their exhibition along the shore-line 
of Shalloch and Ardwell. 

The section of the Benan Conglomerate and the succeeding Bal- 
clatchie Beds, as displayed at the commencement of the Penwhapple 
gorge to the north-west, has been already described (p. 249 et seq.). 

Lying immediately upon the ashy grits of the upper zone of the 
Balclatchie Beds, we find the basal strata (Bal of fig. 18) of the 
Graptolitic series. They consist of masses of dark shales and thin- 
bedded flagstones. The shales are more or less carbonaceous, 
weather throughout to a rusty-iron colour, and are clearly identical 
in all essentials with the lower Ardwell beds that le upon the con- 
glomerate of Kennedy’s Pass. Beds of the same general character 
extend down the glen, and are magnificently displayed in its rocky 
floor and steep cliffs, for a distance of about a quarter of a mile, 
until we reach the first of a series of massive green and more or 
less pebbly grits, over which the waters of the burn plunge in two 
fine cascades. 

If the dips are to be relied upon, the first group of Ardwell strata 
between the Balclatchie Beds and the cascades are generally arranged 
in a broad synclinal form. Several distinct subdivisions are recog- 
nizable as at Ardwell. The lower division (Ba! of fig. 18) consists 
of thin-bedded, striped, iron-stained shales, containing many 
Graptolites in certain zones. The commonest forms are :— 


Diplograptus foliaceus, Murch. Climacograptus celatus, Lapw. 
rugosus, Hm. Corynoides calycularis, Nich. 
Climacograptus Scharenbergi,Lapw. | Dicellograptus moffatense ? Carr 


Here, however, the shales contain several bauds of cement-stone, 
which yield a few Brachiopoda. Nodules of calcareous matter, too, 
are frequent. These contain some fine examples of Orthoceratites, 
an occasional shell, and fragments of sponge-spicules. 


From these beds have been procured at various times by former. 


investigators, by Mrs. Gray, by Mr. M‘Fie of the neighbouring estate 
of Knockgerran, or by myself, the following characteristic forms :— 


Orthoceras angulatum, Wahl, Orthoceras politum, M‘Coy. 
calamiteum, Wiinst. Hyalonema girvanense, Nich. 


This basal (or Knockgerran) zone is overlain in the central parts of 
the exposure by a more flaggy series (Ba 2), answering to the more 
typical beds of the coast-section. Its beds consist of striped flags 
from 2 to 4 inches in thickness, relieved by occasional shale seams 
and a few insignificant bands of dark grey grit. Above follows a 
third subdvision (Ba 3) composed of ironstained shales, similar to 
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those of the basal zone. Its beds are much distorted and shattered ; 
but Graptolites occur in the carbonaceous seams, chiefly— 


Dicellograptus Morrisi, Hoph. Climacograptus bicornis, Hail. 
Diplograptus rugosus, Em. 


Cascade-Beds (Ba 4),—At each of the two fine waterfalls above 
mentioned a mass of coarse green grits makes its appearance. In 
mineralogical aspect they are almost identical with those at the 
summit of the Balclatchie zone of the Benan-conglomeratic series, as 
displayed in the Doon Hill, Daldowie, and elsewhere. They occa- 
sionally become conglomeratic, being filled with zones and layers of 
small boulders of greywacke and quartz. They include between 
them a series of dark shales and mudstones, striped with lines of 
carbonaceous matter, and containing frequent bands and nodules of 
cement-stone. These calcareous seams, however, unlike those of the 
succeeding Whitehouse Beds, afford no examples of Brachiopoda, but 
are crowded with Graptolites in excellent preservation. In mine- 
ralogical aspect the beds remind us of those found on both margins 
of Ardwell Bay, at the summit of the Ardwell group; and their 
identity is placed beyond question by the fact that they contain all 
the peculiar fossils of that especial locality, viz. :— 

Dicellograptus Forchhammeri, Gein. | Diplograptus foliaceus, Murch. 


Lasiograptus margaritatus, Lapw. Climacograptus caudatus, Lapw. 
Diplograptus pristis, His. Dicranograptus ramosus, Hall. 


(2) Bb. Whitehouse Beds—Immediately we examine the floor 
of the glen below the second waterfall, it becomes evident that we 
have overpassed the limits of the Ardwell beds, and have reached 
the more varied overlying strata of Whitehouse Bay. The beds are 
faulted and folded even more intensely than upon our coast-section, 
the same strata coming to the surface again and again as we descend 
the course of the stream. From the lower cascade to the point 
in the glen where we meet with the terminal calcareous and varie- 
gated beds of this division, the distance, as measured upon these 
strata in the gorge itself, cannot be less than half a mile; yet, owing 
to the many repetitions and faults that have affected the strata, it 
is doubtful if their collective thickness is more than equal to that 
estimated in our typical locality upon the shore-line. All the beds 
have a southward inclination, as if passing below the Cascade-grits ; 
but when the several recognizable zones are studied in detail, it 
becomes clearly evident that they are arranged in series of zigzag 
forms upon the ground, demonstrative of the presence of numerous 
broken and inverted arches, the axes of which cross the stream- 
course at a very acute angle. Thus, in spite of the prevalent south- 
ward dip, it may be regarded as certain that there is a general 
ascending sequence as we descend the stream. This conclusion is 
supported not only by the facts obtainable in the neighbouring 
areas, but by the circumstance that the variegated seams of the 
Upper Whitehouse Beds are found at the north end of the section, 
in a position answering to their place in the sequence of the corre- 
sponding strata upon the shore-line. 
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As at Whitehouse, the majority of the Lower Whitehouse beds 


consist of dark grey shales striped with dark lines of carbonaceous 


matter, and containing at intervals seams, flags, and ribs of hard 
calcareous grit or “‘cement-stone,” with fragmentary Brachiopoda. 
Here, however, the shales are much looser and softer in texture, and 
are altogether much more fossiliferous than in the shore-section. 
They have, indeed, rather the character of the soft muddy beds of 
this group as developed in the lower part of the Byne-Hill Burn ; 
and the fossils they contain place it beyond question that many of 
them actually appertain to that special zone. The majority of the 
shales weather to a rusty-red colour. They yield the following 
Byne-Hill-Burn Graptolithina in some profusion, and in a most 
perfect state of preservation :— 


Pleurograptus linearis, Carr. Diplograptus foliaceus, Murch. 
Leptograptus flaccidus, Hall. —— truncatus, Lapw. 
Climacograptus tubuliferus, Lapw. Corynoides calycularis, Nich. 


Diplograptus quadrimucronatus, Hadi. 


Upper Whitehouse Beds (Bb 2).—In the place where we should 
expect to find the ribbed mudstones that lead up into the purple 
shales of the upper zones of the Whitehouse Beds we find instead a 
thickness of nearly 100 feet of soft dark bluish-green mudstones 
devoid of ribs. They are well seen in the bed and bounding cliffs of 
the burn, forming a most distinctive band in the rocky succession. 
They break up under the hammer first into beds of 3 or 4 inches 
thickness, and afterwards into irregular-sided blocks, with a clearly 
marked conchoidal fracture. As a rule, no fossils whatever seem 
to be obtainable from these beds, though they look very promising 
for the paleontologist. 

They are followed immediately by a very meagre representative 
of the purple and green mudstone group, of which only a few feet 
are visible in the bed of the stream; but these are clearly intercalated, 
as upon the shore-line, between the grey mudstones last referred to 
and the Barren Flagstones, which next form the cliffs for a long 
distance down the stream. These variegated mudstones, though 
wanting in their proper thickness, probably owing to the presence 
of faults, show us, nevertheless, a satisfactory quantity of their 
associated caleareous zones, which are here much harder and more 
flag-like than upon the shore. 

Graptolites are difficult to procure; a few fragments of Dictyo- 
nema, Ganocladiwm, and Climacograptus are all that I have been 
able to identify from them. But Brachiopoda are abundant in the 
thick-bedded ‘‘ cement-stones ;” examples of Leptena tenwstriata, 
Ortlus biforata, Orthis calligramma and their usual associates are 
by no means rare. 

(3) Be. Shalloch or Barren Flagstones.—The seam of purple and 
green shales of the Upper Whitehouse-beds, last described, has a 
thickness of about 30 feet. It is succeeded immediately by a great 
mass of Barren Flagstones, which extend down the course of the 
stream for the next three quarters of a mile. As in our much more 


608 PROF. €. LAPWORTH ON THE GIRVAN SUCCESSION. 


restricted coast-section, the first division of this group consists (Be 1) 
mainly of green mudstones, with distant ribs of fiagstone. This 
division is most conspicuous in the floor of the glen between the line 
of the variegated mudstones and the foot of Laigh Assel Burn. The 
stream has worn away the soft shaly mudstones into deep hollows, 
between which rise the hard and conspicuous intercalary ribs. In 
one or two spots these mudstones are crowded with their charac- 
teristic organism, Vematolites Grayui, Lapw., of the corresponding 
beds of Shalloch Mill. 

Continuing our progress down the stream, beyond the terminal 
strata of this essentially shaly division we encounter bed after bed 
of rock of the same general type, but in which the sandstone and 
flaggy ribs become rapidly more numerous and of greater thickness 
(Be 2). These all dip invariably to the southward, as if passing below 
the Whitehouse Beds of the higher parts of the burn ; but the rapid 
variation in strike and dip, and the frequent faults, show that it is 
impossible to suppose that we have here a true ascending section, 
but that, as in the former case, we are dealing with a rapid succes- 
sion of inverted folds. Excellent sections of the beds are seen until 
we reach the termination of the group, a quarter of a mile te the 
north of Penwhapple bridge, where it is abruptly faulted against a 
series of black Graptolitic shales of the much newer Pentamerus- 
group of Saugh Hill. 

Some hard grey gritty flags, with interbedded subcalcareous shales, 
visible in the broken sections near the northern termination of these 
beds, are different from any of the strata of this group recognizable 
upon the shore, and are probably higher in the series than any strata 
there displayed. ‘They are, however, most distinctly to be placed 
in the same subformation of the Barren Flagstones, with which they 
agree in all essential particulars, and of which they undoubtedly 
form an integral portion in this locality, and a few others yet to be 
described. 

They contain a few fragmentary Graptolites in the greyish brown 
shales seen in the land-slips near the great fault. The only form 
clearly recognizable is Diplograptus truncatus, Lapw. 


Thus in this section in Penwhapple Glen we recognize, lying 
between the Benan Conglomerate and the Great Fault, a series of 
strata whose members are identical in geographical succession, in 
mineralogical characters, and in fossils, with those developed in our 
typical area of Ardmillan. This sequence, though repeatedly broken 
by numerous and important dislocations, bears evidence of. having 
been originally identical with that of Ardmillan in every particular, 
many of the most characteristic petrological zones there exhibited 
being developed here in positions precisely correspondent. The 
apparent dip of the beds through a great part of the section is, it 
is true, different from that seen upon the shore-line; but, as we 
have shown, it may be regarded as certain that these inharmoni- 
ously-dipping beds are actually arranged in rapid and inverted 
folds. : 
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It will next be shown that a corresponding arrangement obtains 
universally among the remaining exposures in the Girvan district. 


(d) Additional Exposures of the Graptolitic Flagstones south of the 
Girvan Valley. 


1. Area of Pinmore and Letterpin.—The long strip of Ardmillan 
shales which stretches from Daldowie south-eastward to the valley 
of the Lendal, affords us by far the most satisfactory exposures of 
the Ardwell Shales considered in their fossiliferous character. The 
line of railway running from Girvan to Stranraer traverses the 
district almost at right angles to the strike of the beds; and its 
cuttings afford a magnificent and practically unbroken section from 
the bottom to the top of the series as there exhibited. The lowest 
strata exposed are certain green concretionary mudstones which are 
seen in the roadway underneath the great viaduct of Kainclaer. 
These probably belong to the transitional Balclatchie group, the 
main mass of whose beds are cut out by a small fault ranging along 
the strike of the rocks between that exposure and the great masses 
of Benan Conglomerate visible on the hills to the southward and in 
the stream-bed of the River Assel a few yards below. 

Above these green mudstones follows a great thickness of very 
dark greyish-blue shales, beautifully shown in the railway-cutting, 
dipping steadily to the north-eastward at an angle of about 30°. 
They are fully as indurated as their counterparts in the lower por- 
tion of our typical section of Ardwell shore; but, in place of being 
practically barren, many of their lamine are covered with easily 
identified examples of :— 


Dicranograptus Nicholsoni, Hopk. Climacograptus caudatus, Lapw. 
Dicellograptus Forchhammeri,Gerv. | —— bicornis, His. 
Diplograptus foliaceus, Murch. | Leptograptus flaccidus, var. Hall. 
| 
| 


—-— rugosus, Emmons. Corynoides calycularis, Nick. 
Cryptograptus tricornis, Carr. &e. 

Numerous scattered exposures in quarries and in the railway- 
cuttings enable us to complete the section as far as Letterpin fault. 
The beds remain essentially the same throughout. As we near the 
railway-station seams of cement-stoue, grits with angular quartz- 
pebbles, and patches of coarse brown and more or less calcareous 
flagstones make their appearance at irregular intervals. Some of 
these probably belong to the underlying Balclatchie Beds. They 
contain many specimens of Brachiopoda, usually in a fragmentary 
but easily recognizable condition. 

These Balclatchie and Ardmillan strata, a little further to the 
west, bear evidence of being arranged more or less in a synclinal 
form. The coarse yellow gritstones with fossils, seen in the nu- 
merous quarries around Mickle Letterpin and Chapelcroft, are 
probably identical with the Balclatchie zones of the railway-cutting, 
and are well exposed in many quarries and small natural sections 
over the fields in the neighbourhood of the Letterpin fault. 
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In these scattered exposures, more especially in one small quarry 
about one third of a mile north of Mickle Letterpin, certain grey 
and striped shales represent the transitional band at the base of the 
Ardwell group. From these I have procured, among others :— 


Dicranograptus spinifer, Lapw. Climacograptus bicornis, Hal. 
Dicellograptus, sp. —— Scharenbergi, Lapw. 
Leptograptus flaccidus, var. 6. Orthis Actoniz. 

Diplograptus foliaceus, Murch. Leptzena tenuistriata. 


Cryptograptus tricornis, Carr. 


Similar beds may be followed at intervals over the entire area of this 
district as marked upon the map(Pl.XXIV.). In the hollows between 
we see the typical dark blue or grey and more or less striped shales 
of Ardwell, weathering to their typical rusty-brown colour—here 
hardened and barren, there softer and affording a few Graptolites, 
always of the species of the shore. Along the line of the southern 
conglomerate many of the beds are inverted and highly indurated. 
The presence of the soft yellow sandy conglomerates of the Balclat- 
chie Beds along the line of the fault to the north renders the west 
boundary of the beds in that direction more obscure. 

The recurrence of similar mineralogical zones of strata in the 
series as developed in this extended area, though the group, as a 
whole, apparently dips steadily to the northward, makes it certain 
that the numerous inverted folds and accompanying faults, apparent 
on the flanks of Daldowie Hill, are prolonged into the Pinmore area ; 
and to these are due the monotonous character and great apparent 
thickness of the beds. 

2. Exposures East and West of Penwhapple Glen—The section we 
have described in Penwhapple Glen is typical of the structure of the 
entire area occupied by the Ardmillan group between the Benan 
Conglomerate and the great fault of Saugh Hill, south of a straight 
line ranging from the Dow Hill across the region into the faulted 
area of Dalamford, on the terrace of Straiton and Garleffin. This 
entire district is floored with repetitions of the various subordinate 
members of the Ardwell Beds. The varying lines of strike are all 
clearly dependent upon the general outline of the mass of Benan 
Conglomerate, which everywhere underlies these rocks around the 
broad curve forming the southern and eastern limits of the area from 
Balclatchie to Piedmont. The strata are clearly more or less folded 
and faulted throughout: but the general similarity of the beds from 
bottom to top of the series, and the scanty exposures within the 
area, do not allow us to offer more than a general idea of the 
arrangement of the strata. 

The finest sections to the southward are seen around the Barbae 
Hill near Tramitchell, where the fossiliferous Barbae Grit is seen 
to be surmounted by soft dark shales cf the Lower Ardwell 
beds, containing a few shells and Graptolites in the intercalated 
cement-stones and conglomerate bands, and passing upwards into a 
great thickness of hard flaggy gritstones, separated by the usual 
rusty and striped carbonaceous shales. These shales and overlying 
flags sweep in a continuous curve, 24 miles in length, from Tra- 
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mitchell through Barbac Hill into the heights of Trowier, parallel to 
the northern boundary of the Benan Conglomerate. The higher 
zones of these gritty beds become more sandy, and contain seams of 
small quartz pebbles here and there; and they are, I suspect, the 
equivalents of the Cascade-grits of the Penwhapple section. In the 
fields N.W. of Barbae they contain fragments of Knerinites and a few 
Brachiopods. The underlying softer shales are best seen on both 
sides of the roadway west of Barbae, and in the streams near Laggan, 
where they contain a few Graptolites. 

In the great sheet of Ardwell flagstones displayed in the heights 
of Tralodden, Trowier, and Balgavarie, the strata are so broken and 
folded that no extended sections are visible. Nevertheless there is 
a sufficiency of evidence to show that the Benan Conglomerate rises 
again and again almost to the surface, while the various zones of the 


' Ardmillan series are often recognizable in place upon the ground. 


Ba, Ardwell Beds.—Excellent exposures of the Knockgerran or 
lower zones of the Ardwell Beds are afforded by the two small 
streams which unite at the farm of Tralodden. The beds show their 
usual striped appearance, contain the normal cement-stones, and are 
locally crowded with 

Diplograptus pristis, Hs. Climacograptus caudatus, Hes. 
foliaceus, Murch. | Corynoides calycularis, Nich. 


A mass of similar beds is cut through by the lower reaches of the 
Piedmont Burn, near Glendoune. This is included between two 
divergent branches of the great bounding fault of the Girvan plateau. 
This fault, as will be evident from a study of the map, splits into 
two branches north of the summit of Saugh Hill; and in the in- 
cluded angle between them we find examples of the higher parts of 
the conglomerate or cascade group, together with some of the lower 
divisions of the Ardmillan series. 

Fossils occur both on the flanks of Saugh Hill and in the depths 
of Piedmont Glen. At the latter locality I have collected 

Diplograptus pristis, His. Corynoides calycularis, Nich. 
foliaceus, Mich. 


Diplograptus foliaceus and Corynoides calycularis occur also in 
the quarries on Fauldribban Hill. | 

In Piedmont Glen the middle zones of the Ardwell Shales are 
crowded with Graptolites at the foot of the small burn which de- 
scends from Laggan Loch. MHere are found in excellent pre- 
servtion :— 


Diplograptus foliaceus, Murch. Climacograptus caudatus, Lapw. 
pristis, His. | Corynoides calycularis, Wich. 


At the foot of the glen itself occasional examples of Lastograptus 
margaritatus, Lapw., and Diplograptus foliaceus, Murch., are met 
with in the contorted beds. They occur also in corresponding strata 
upon the low mound of Shalloch Hill. 

A similar faulted patch of the Knockgerran zone of the Ardwell 


Beds occurs near the farm of Pinmacher, and is cut through by the 
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railway-line from Girvan to Stranraer. Excellent sections are visible 
in the railway itself near the tunnel and in several quarries near 
the farmsteading of Knockrochie. Graptolites are abundant in a 
few spots, especially Deplograptus pristis, His., and a form of Oli- 
macograptus. 

The highest zone of the Ardwell Beds—the peculiar Cascade 
Grits and Shales of Penwhapple Glen, is recognizable at several 
localities. From the Cascades themselves its strata are prolonged to 
the eastward in a continuous band of small cliffs, which form a 
prominent feature upon the grassy slopes of Balgavarie Hill. In 
the stream which descends the slopes of the hill they afford a 
visibly ascending section, and yield their usual Graptolites in a state 
of excellent preservation. Here occur 


Dicranograptus Nicholsoni, Hops. Climacograptus caudatus, Lapw. 
ramosus, Hall. Diplograptus foliaceus, Murch. 
Dicellograptus Forchhammeri, Gein. Climacograptus bicornis, Had. 


The same zone is seen also upon the heights of Trowier Hill in the 
same stratigraphical position, and yielding precisely the same fossils. 

A most interesting patch of the same band is found at the base 
of the north-western flank of Saugh Hill (see fig. 25, p. 299). Here 
it is caught up between two branches of the great Bargany disloca- 
tion ; but its strata retain their normal characteristics, and afford the 
usual fossils, namely :— 


Dicranograptus ramosus. | Dicellograptus Forchhammeri. 


Climacograptus bicornis. | Diplograptus rugosus. 

But the most remarkable exhibition of the beds of this zone is the 
section afforded by the narrow valley of Dalamford, about two miles 
east of the Penwhapple Glen. Here a strip of Lower Paleozoic 
strata several miles in length, but only about 100 yards in width, 
is bounded on both sides by rocks of Old Red Sandstone (see map, 
Pl. XXIV.). Along the roadway near Dalamford the visible Lower 
Paleozoic rocks are those of the Cascade-zone, and the transverse 
section of the valley is that given in the following section (fig. 19). 

This narrow band owes its existence to the presence of the great 
Knockgerran fault, which is prolonged into this locality from the 
valley of the Penwhapple. The strata exposed along its course are 
not, however, confined to the Cascade-zone. The Stinchar Lime- 
stone is brought up in a shattered condition near the steading of 
Pentbeath, and is said to occur also in the south-eastern branches 
of Penwhapple Burn. 

Bb, The Whitehouse Beds. ihe a very limited number of expo- 
sures of the beds of this group have been met with in this area. 
Beds unequivocally belonging to the Lower or Cement-stone-bearing 
division occur at the head of Piedmont Glen, where they follow in 
their proper position upon the grits of the Cascade-zone. In their 
shattered beds, as laid open in the stream-course, the usual fossils 
are procurable, chiefly :— 


Diplograptus quadrimucronatus, Hall. Dicellograptus Morrisi, Hoph. 
truncatus, Lapw. Leptograptus flaccidus, Hail, &e. 
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Fig. 19.—Section in Dalamford Glen. 
N.W. S.E. 
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Old Red Sandstone :— 
Coarse red conglomerates and red and yellow flagstones. 
Ardwell beds, Cascade-zone. 
3. Calcareous grits, with partings of green and grey shales. 
2. Green nodular sandstones, non-fossiliferous. 
1. Black carbonaceous and ferruginous shales, with occasional hard arena- 
ceous ribs—Lingula, Dicellograptus Forchhammeri, ues Tu- 
gosus, D. foliaceus, Climacograptus caudatus, &e. 


Strata belonging to the higher or Upper division have been detected 
only at a single locality between the two exposures of Myoch Bay 
and Penwhapple Glen, already described, namely, in the central parts 
of the gully formed by the north-east fork of Piedmont Burn. Here 
the purple and green mudstones of the Upper Whitehouse variegated 
beds form the bed and banks of the stream-course for some little 
distance, in their natural geological place between the Ardwell beds of 
Trowier Hill and the Nematolites-bearing flagstones of Doune Hill. 
They are much shattered, and have afforded no recognizable fossils. 
The boundaries of this zone, as given upon Plates XXIV. and XXYV., 
west of Penwhapple Glen, are almost purely inferential, as hardly 
any sections are visible upon the grouud. 

B. Barren Flagstones.—The succeeding Barren-flagstone beds form 
a broad zone, about four miles in length and half a mile in width, 
which ranges from the summit of Doune Hill across the glen of Pen- 
whapple into the moorland area north-west of Knockgerran. The 
central section of this zone in Penwhapple Glen, already described, 
is typical of the general arrangement of these strata from end to 
end of the band. The thin-bedded zones near the base of the group 
are well seen on the southern and south-western slopes of Doune 
Hill. The higher and flaggy beds are laid open at several spots 
upon the heights between Saugh Hill and Penwhapple; and by their 
disposition upon the ground enable us to mark out with some ap- 
proach to certainty the line of the fault which bounds the band to 
the northward. In Saugh-Hill Burn itself they afford specimens of 
the characteristic fossil Nematolites Gray; and m some quarries 
about a mile to the eastward, they yield examples of Dyplograptus 
pristis and D. truncatus. There are many exposures of the same 
beds south and east of #he farmstead of Littlelane ; but no fossils have 
been obtained from them. 
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A patch of unfossiliferous strata, probably referable to the lower 
division of the Barren-flagstone beds occurs to the south-west of Brae 
Hill. It is cut off from all the neighbouring strata by faults of 
great magnitude; and it is therefore referred to this division with 
some doubt. Good exposures of its beds are seen in Cuddystone 
Glen and on the west side of Brae Hill. The strata are green and 
grey shales, with occasional beds and bands of flagstone, all totally 
barren of recognizable fossils, and altogether very similar to the 
highest zone of the Barren-flagstone group. 

This completes our survey of the distribution of the Graptolitic- 
flagstone series south of the Girvan Valley. The remaining strata 
are very different in their characters, petrological and paleontolo- 
gical, from those we have studied hitherto; and their description is 
most conveniently deferred until we have made out the arrangement 
of the paleozoic strata which are exposed north of the Girvan Valley, 
on the heights of Craighead and Quarrel Hill, where rocks unques- 
tionably belonging to the Ardmillan-flagstone series are exposed in 
several localities, with clear relations to the overlying strata. 


(C.) DEscrtprion oF THE Strata oF THE NoRTHERN INLIER OF 
CRAIGHEAD AND GLENSHALLOCH. 


The Lower Paleozoic strata, whose interrelationships fall next to 
be described, occur in the prominent heights of Craighead, Quarrel 
Hill, and Glenshalloch, which together constitute the beautifully 
wooded ridge that forms such a conspicuous object to the north of 
the valley of Girvan, afew miles inland from the mouth of the river. 
These strata form a well-marked inlier, which is bounded on all 
sides by more recent beds of Old Red Sandstone and Carboni- 
ferous age; and, broadly speaking, it may be said that they are 
arranged in a dome-like or anticlinal form. The longitudinal axis 
of this anticlinal is not precisely coincident with the geographical 
axis of the ellipsoidal area occupied by the Lower Paleozoic strata, 
but les a little to the southward. In consequence of this arrange- 
ment the strata forming the southern leg of the anticlinal have a 
short curve and a steep dip to the south-western margin of the area, 
where they are suddenly cut off by the grand boundary fault of 
Kilkerran and Craighead. Northwards, however, the beds have a 
gentle inclination, the angle of dip rarely excceeding 45°, and 
being sometimes as low as 10° or 12°. 

The axis of the main anticlinal, instead of being approximately 
horizontal, is archlike, being depressed in both directions as we pass 
along it from its central point. ‘The long elliptical dome thus origi- 
nated has been truncated by denudation ; and its component beds are 
now shown upon the ground as a series of concentric shells or zones 
of strata dipping everywhere outwards off the central parts of the 
dome. They admit of minute and almost complete examination in 
several localities. The general coating of wood and turf, however, 
hides some of the inferior beds from sight in the eastern and southern 
parts of the area; but towards the north-east a long and easily 
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interpreted ascending succession is displayed in the heights of 
Quarre! Hill, Mulloch Hill, and Glenshalloch. 


(a) Sections of the Inner Zones of Strata of the Quarrel-Hill Antechinal. 
(i) Barren Flagstone-serves of Farden and Quarrel Hill. 


In the centre of this dome-like area, and consequently occupying 
the lowest horizon in the vertical succession of its rock-formations, 
we find a series of barren flagstones and shales, identical, both in their 
petrological characters and in the few organic remains they yield, 
with our Barren or Shalloch Flagstones of Shalloch and Penwhapple— 
thus presenting, at the very commencement of our study of the rocks 
of this area, a clear and definite horizon of reference for the surround- 
ing and concentric zones of strata of which this northern inlier of 
Lower Paleozoic rocks is composed. 

These flagstones occupy an ellipsoidal area about a mile in length, 
ranging from the loop-fault which bounds the igneous rocks of 
Craighead Hill, through the wooded grounds of Balweary, into the 
grassy slopes of Quarrel Hill. Over much of the area they occupy 
they are hidden from sight by superficial deposits; but excellent 
sections are laid bare in the burns which descend the ridge in the 
direction of Craighead fault, near Kildrummie. The most satisfac- 
tory of these exposures is that seen on the banks of the small stream 
to the west of Quarrel Hill, where the section figured below is dis- 
played from end to end (fig. 20). 


Fig. 20.—Section of the Barren Flagstone Beds of Quarrel Hill. 
N.W. S.B. 
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a. Carboniferous rocks, not exposed. 
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2. Calcareous’ flagstones, with Brachiopoda—Meristella angustifrons, 
Atrypa scotica, &e. 
1. Mulloch-Hill conglomerate. 
Bd. Drummuck or Trinucleus-beds :— 
Thin flags and shattered mudstones, with Bellerophon bilobatus &e. 
Be. Barren Flagstones. 
(4). Grey flagstones and shales, weathering buff or yellow. 
(5). Green shales and mudstones. 
(2) Alternations of thin-bedded green flags and mudstones. 
(1). Thin-bedded flaggy beds, with partings of green and grey mudstones— 
Nematolites Grayitt and Diplograptus truncatus. 
ff. Faults. 
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The lowest beds of the Flagstone series visible at this locality are 
seen at the head of the little burn, circling round the declining 
axis of the main anticlinal arch, and gradually acquiring a steep 
southward inclination as we descend the course of the stream. The 
oldest beds are greyish-green flagstones, from two to four inches 
in thickness, separated by the usual pale bluish-green seams of 
shaly sandstone, characteristic of the higher parts of the “ Barren 
Flagstones” as seen near the Saugh-Hill fault in the gorge of Pen- 
whapple. They contain their peculiar fossil, Nematolites Grayit, 
Lapw., in some abundance, together with a few scattered examples of 
the equally characteristic Graptolite Diplograptus truncatus, Lapw. 

Lower down the stream the flagstones and shales differentiate 
themselves in wider bands, and the strata put on an appearance 
identical with that of the most typical Barren Flagstones of Pen- 
whapple, showing the same regular alternation of a foot of hard 
grey grit with two or four feet of greenish flaky shales. Below the 
little wood the beds become steeper, and, as will be seen from the 
map (Pl. XXY. 4) and sections, begin to be much broken up by 
faults. Their highest beds as seen here are pale flagstones, with a 
light-blue interior, associated with similarly tinted mudstones, both 
weathering to the dull orange-buff colour affected by the beds of 
this formation whereever they have been long exposed to the action 
of the atmosphere. 

A confirmatory section is visible in Farden Burn, about three 
fourths of a mile to the south-westward of Quarrel Hill. The 
oldest beds, ranging along the anticlinal line, occur in the banks of 
the stream at the back of the farmsteading of Farden, dipping in 
opposite directions at a small angle. As we descend the stream to 
the south the angle of inclination rapidly increases ; and between the 
steading and the Craighead fault we pass over a fairly continuous 
section of these beds, the majority of which are identical with the 
pale and buff-coloured flags and shales that terminate the exposure 
in Quarrel-Hill Burn, while they are similarly destitute of organic 
remains of any kind. 

These Barren Flagstones are seen upon the opposite side of the 
anticlinal line in two localities only. One of these occurs in an old 
quarry a quarter of a mile to the west of Blair Farm, the other on 
the road-side at the farm-house itself. In both localities we find the 
barren buff-weathering shale and flagstones of the highest zone of 
the series, as usual, perfectly destitute of fossils. 

The numerous faults and folds of the district do not allow an 
exact calculation of the vertical thickness of the portion of the Shal- 
loch or Barren-flagstone group as here exposed. It may be roughly 
estimated at about 300 feet. The buff-tinted terminal band of 
flagstones and shales cannot be less than 100 feet in total thick- 
ness. This is apparently wanting in the Penwhapple exposure of 
these beds, and its thickness falls to be added to our estimate of 
the vertical extent of the Barren Flagstones of that area. This 
would give a collective thickness of about 800 feet to the entire for- 
mation of the Barren Flagstones as seen in the Girvan region. 
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Gi.) Trenucleus-Mudstones of Drummuck. 


Round three fourths of the superficies of the anticlinal dome of 
Quarrel Hill the Barren Flagstones are succeeded by the highly fossi- 
liferous group of dark mudstones which I term the Drummuck Beds. 
In mineral aspect and in fossils they remind us strongly of some of 
the zones of the Whitehouse shales (Bb) that immediately underlie 
the Barren-flagstone series ; but they contain none of the brilliantly 
coloured mudstones of that group, nor any of the beautifully striped 
and banded shales which it possesses in common with the older Ard- 
well group. The physical relations of the Barren Flags and these 
overlying Trinucleus-mudstones are best displayed in the flanks of 
Quarrel Hill; but the finest and most prolific sections of the latter 
group are shown to the north, along the course of the Lady Burn, 
and in the neighbourhood of the farm of Drummuck, which gives 
its name to the subformation. 

The superposition of these fossiliferous mudstones to the Barren- 
flagstone group will at once be understood from the following 
section (fig. 21, p. 618), which is carried in an easterly direction along 
the anticlinal axis from Balweary Wood to Mulloch Hill. Indeed the 
disposition of the several zones of strata which here cross over the 
anticlinal, as developed in the mapping of the area, make this so 
clear and unequivocal that no further proof of their relationship is 
necessary 1n this place. 

1. Quarrel Hill.—The lowest strata I assign to the Drummuck Beds 
are a group of thick-bedded flagstones, filled with pebbles of quartz, 
and separated by seams of grey and green shales, both rocks containing 
a notable proportion of carbonate of lime. They are exposed in a 
steep escarpment at the summit of Quarrel Hill, dipping off the Barren 
Flagstones and plunging below the area occupied by the main mass 
of the Drummuck Beds. From this point, as will be seen from the 
map (Pl. XXV. 4), they may be followed foot by foot, occupying the 
same stratigraphical place in the succession, through the converging 
dislocations of Quarrel Hill, circling round parallel with the overlying 
and underlying zones, till they are finally cut out by a branch of the 
Craighead fault to the south-west of the old ruin of Auldthorns. 

These pebbly flagstones have a collective thickness of about 50 
or 60 feet, and abound in casts of fossils of the same general 
facies as those characteristic of the overlying mudstones. The com- 
monest forms are Leptena sericea and Strophomenda. 

The finer strata which succeed to these basal flagstones are well 
displayed in the numerous stream-courses that descend the eastern 
flanks of Quarrel Hill. Their upper boundary is strikingly de- 
fined by a mass of purple conglomerate, which forms the base of an 
overlying group, and ranges through the faulted areas strictly 
parallel with the basal flagstones last noticed. In the area thus 
limited, we find a great thickness of mudstones and shales of a 
ereyish-blue colour, very rarely interrupted by thin seams of greenish- 
grey flagstone or greywacke. The lowest beds are hard shales, of 
tough texture, weathering down into conchoidal flakes. Higher up 
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they deserve rather the title of bedded mudstones, occurring in 
distinct bands at least a foot in thickness. The terminal beds are 
soft sandy mudstones, weathering down into irregularly rounded 
fragments, coated exteriorly with oxide of iron. 

Fossils are tolerably abundant throughout, more especially in the 
central beds, which afford, among others :— 

Trinucleus seticornis, His. | Bellerophon bilobatus, Sow. 

Ampyx rostratus, Sars. perturbatus, Sow. 

Tllzenus, sp. Orthis calligramma, Dali. 

Dionide, sp. elegantula, Dalm. 

Calymene Blumenbachii, Brongn. Leptzena sericea, Sow. 


On the north-east side of Quarrel Hill no exposures are apparent ; 
but a short distance to the westward the stream of the Lady Burn 
has excavated a most interesting and instructive series of sections 
more than a mile in length through the higher zones of the group. 

2. Lady Burn.—Near the head of the Lady Burn we find the 
purple Mulloch-Hill conglomerate crossing the little stream-valley 
almost at right angles to the course of the burn. Over this intrac- 
table rock the waters of the stream leap in a small waterfall, at the 
base of which the highest known strata of the Trinucleus- or Drum- 
muck-beds are seen, dipping steadily and conformably underneath the 
conglomerate at an angle of about 40°. They are soft, blue mudstones, 


_ homogeneous, thick-bedded, and more or less concretionary in struc- 


ture, breaking up under the hammer into irregular and crumbling 
fragments. Exteriorly they are stained with rusty oxide of iron; 
interiorly they are pierced by frequent inosculating worm-burrows, 
stained of a dingy red. Fossils are very rare; only an occasional 
Brachiopod is discernible. 

At their base, however, they contain a fossiliferous band, the abun- 
dant organic remains of which fully compensate for the barren nature 
of the beds above. Fragments of this fossiliferous band are exposed 
in an old quarry opened for procuring materials for the neighbouring 
stone walls, in which an occasional slab from the fossil seam may 
even yet be detected. The bed itself is a hard greenish-grey sand- 
stone, a few inches in thickness, and highly calcareous. Itis almost 
made up of fossil remains, many being in an excellent state of 
preservation. 

Among others, I have collected from this bed :— 


Palzaster Wyville-Thomsoni, R. Eth. | Leptena sericea, Sow. 


Trinucleus Bucklandi, Barr. Orthis calligramma, Dalim. 
Illanus Bowmanni, Sait. Conularia Sowerbyii, Defr. 
Staurocephalus globiceps, Port/. Strophomena grandis, Sow. 


Calymene Blumenbachu, Brongn. 


together with forms of corals and Polyzoa of undeterminable specific 
characters. 

The shales immediately below the Starfish-bed range down the 
remainder of the stream-course to the farm of Drummuck, and are 
shown in an abundance of natural sections. They have been fre- 
quently examined by Mrs. Gray and the officers of the Geological 
Survey, and have long been noted for the abundance and beauty of 
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the Trilobites they have afforded. They consist of pale-blue or 
greyish-green mudstones of the same general type as these at the 
summit of the subgroup; but they are harder, and often contain a 
a notable proportion of sandy material. 

In the section shown upon the burn-side opposite the farmsteading 
of South Thraive Mr. and Mrs. Gray have collected :-— 


Dionide Lapworthi, R. Eth. jun. 
Bellerophon bilobatus, Sow. 
Dicellograptus anceps, Nich. 


Trinucleus seticornis, His. 
Ampyx rostratus, Sars, 
Solenocaris solenoides, Young. 


Where the succeeding plantation comes upon the stream-course 
similar beds are seen containing numerous fossil forms. Here I 
have myself distinguished :— 


Trinucleus Bucklandi, Barr. trilobatus, Sow. 
Illenus Bowmanni, Saiz. Holopella obsoleta, Sow. 


Diplograptus truncatus, Lapw. | Bellerophon bilobatus, Sow. 


‘Midway between Thraive and Drummuck, beds a little lower in 
the succesion are shown. These Mrs. Gray found to be prolific in 
beautifully preserved specimens of 


Ampyx rostratus, Sars. | Trinucleus seticornis, His. 


At the farm of Drummuck itself the 7’rinucleus-beds are admirably ° 


shown in a small stream running parallel to the roadway to the 
south of the steading. Here fossils are not so numerous as in the 
former localities cited; but occasional Brachiopoda are found beauti- 
fully preserved. 

The oldest strata of the Drummuck Beds seen in this locality are 
exhibited in a small stream crossing the roadway a quarter of a mile 
south of the farmhouse, and again in a small quarry near the head 
of Drummuck Burn itself. In both these localities we recognize 
the greenish thin-bedded lower shales of Quarrel Hill, and identify 
within them an occasional fossil. 

Westward, the 7rinucleus-strata are buried beneath recent accu- 
mulations and surface-soil; and, except in two small exposures, one 
at the little pond near the toll-bar at Trochraive, and another on the 
north-west corner of the enigmatical rock-area of Craighead Hill, 
nothing further is known of their extension in that direction. 

This prolific subdivision of Z’rinucleus-mudstones and shales is 
denominated the Drummuck Beds, after the name of the farm in 
the neighbourhood of which its strata are, most effectively displayed. 
The subdivision forms the highest member of the Graptolitice flag- 
stone or Ardmillan group of our Girvan succession, being succeeded 
by the basal zone of a superior group of rocks, totally distinct both 
in lithological features and in organic remains. Before proceeding 
to notice these higher strata, it will be advisable to give a short 
summary of the several bands of rock that constitute our complete 
Ardmillan group as we now understand it, together with the names 
of the several localities where their strata are typically laid open for 
investigation :— 
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Generalized Section of the Ardmallan Series. 


feet. [ Upper Mudstones. Lady Burn. 
‘ J Starfish-band. Quarrel Hill. 
Cd. Drummuck Beds . 400 Lower Mudstoues. Drummuck. 
Basal Sandstones. Auld Thorns. 
Upper zones. Quarrel-Hill Burn. 
Cc. Barren Flagstones 800} Middle zones. Penwhapple. 
Lower zones. Shalloech Mill. 


Variegated Mudstones. Shalloch Mill. 
a | eccrine Penwhapple Glen. 


Cascade-beds. Penwhapple. 
Ca. Ardwell Beds ...... 12004 Middle Flags and Shales. Ardwell shore. 
Knockgerran Shales. Penwhapple. 


(a) Sections of the Outer Zones of Strata of the Quarrel-hill Anticlinal. 


(i.) Lhe Conglomerate and Shelly Sandstones of Mulloch Hill. 


Having determined the characteristics and sequence of the inner 
and older zones of strata of the Quarrel-Hill anticlinal, we now 
proceed to examine the sections which best display the corresponding 
relations of the outer and therefore newer zones of thedome. It will 
be seen from the map (Pl. XXY. 2) that the width of the Lower 
Paleozoic area of Quarrel Hill is not sufficient to allow these outer 
zones to range round the greater part of the mound-like saddle, as ‘do 
the inner and inferior beds already described, but that they merely 
cross over the chief ridge of the declining anticlinal one by one, in 
successive and parallel bands, as we pass outwards to the north- 
east from the natural centre of Quarrel Hill, their outer edges being 
abruptly truncated by the Craighead and Glenshalloch faults. 

The rapid convergence of these two dislocations towards the north- 
east progressively restricts the area individually occupied by each 
succeeding zone in the ascending series, until ultimately the two 
faults meet in the wooded heights of Glenshalloch, and the Lower 
Paleozoic rocks finally disappear from sight. 

The older zones of the continually ascending succession of strata 
present in the triangular area thus limited, are most perfectly dis- 
played in and around the central ridge of Quarrel Hill. To the 
northward of this central point no dislocation interferes with the 
sequence, and the regularly ascending series can be studied with 
ease and certainty; southward a plexus of faults, branches of the 
great Craighead dislocation, bave shattered the strata into a host 
of irregular fragments, each one of which, however, falls naturally 
into its proper place after a careful mapping of the ground. 

The natural arrangement of the lower divisions of these superior 
zones will be evident on an inspection of the foregoing section 
(fig. 21, p. 618), which is drawn from the central part of the Quarrel- 
Hill anticlinal of Ardmillan Beds, through the simple and unbroken 
area of Mulloch or Kirk Hill. 

(Cal.) Mulloch-Hill Conglomerate.—The soft blue concretionary 
and highly fossiliferous Z’r¢nucleus-beds of the Drummuck mudstones 
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are succeeded abruptly by a mass of very coarse boulder-conglome- 
rate, which forms a conspicuous scarp and ridge upon the highest 
points of Quarrel Hill, and ranges thence eastward and southward, 
round the curving anticlinal arch. 

This peculiar conglomerate reminds us somewhat of the massive 
Benan Conglomerate of the south in the size and character of its 
included pebbles. These are of quartz, granite, felstone, and 
several varieties of igneous rock. The matrix, however, is of a dull 
purplish tinge, and is in truth a sandy gritstone. Its grains are 
usually wellrounded ; and when pebbles are rare the rock degenerates 
into a coarse sandy grit. In its aspect and composition the rock 
resembles the bands of conglomerate so abundant among the Old 
Red Sandstone rocks of Scotland, especially those of the lower di- 


vision of that peculiar series. It is distinctly bedded throughout - 


its entire thickness, which does not here exceed 75 feet, the planes 
of deposition being marked by seams of sandstone, lines of boulders, 
and zones of hard grey grit. Towards its summit it includes a 
thick zone of sandy flagstone, or tilestone, of a reddish grey tint, 
containing many casts of fossils, and indicative of the commencement 
of the conditions which resulted in the formation of the overlying 
masses of sandy flagstones of Mulloch Hill. 

This conglomerate is traceable from the Craighead fault at Glen- 
lochrie, through the faults of Quarrel Hill, into the valley of the 
Lady Burn, and thence in patches to the farmhouse of Drummuck, 
following in immediate and locally conformable succession to the 
Drummuck shales. 

Scattered exposures of similar rock are seen to the south-west of 
this, as near Kippery and Woodhead and, finally, in a wide area 
around the mansion of Trochraive. Here coarse conglomerates 
occur in detached quarries and in projecting bosses in the park 
and cultivated fields. These certainly belong to the Mulloch-Hill 
band; but they are flaggier and greyer, and have hardly the same 
characters either in their matrix or in their included pebbles. 

The fossils afforded by the Mulloch-Hill conglomerate, in the 
type locality of Quarrel Hill, are principally Brachiopoda of the 
genera Lthynchunella, Orthis, Leptena, and Strophomena, identical in 
species with those we shall find to be characteristic of the over- 
lying Mulloch-Hill sandstones, and generally distinct, considered as 
a group, from those that mark the immediately subjacent Drummuck 
mudstones. 

Indeed the distinction in physical features and in fossils between 
the soft Drummuck mudstones, with their abundant examples of 
Trinucleus, Asaphus, Dionide, Ampyx, and hosts of Bellerophon &c., 
and these overlying Brachiopod-sandstones is most striking; and 
we find here the grandest paleontological break in the entire Girvan 
succession. None of the genera enumerated above as characteristic 
of the Ardmillan group have ever yet been certainly met with above 
the base of this conglomerate ; while the most characteristic species 
and genera of Trilobita, Brachiopoda, and Graptolithina of the over- 
lying beds are equally absent from the Ardmillan series. 
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There is no actual proof of an unconformity between the Drum- 
muck mudstones and this conglomerate ; but the change in mineralo- 
gical character from a soft laminated mudstone to massive boulder- 
beds and sandstones is proof of a complete modification of the 
physical features of the neighbouring sea-bed between the periods 
of deposition of these highly dissimilar sediments, and the great 
alteration in the aspect of the fauna, caused by the disappearance 
of many prominent genera and species, is sufficient proof that the 
intervening period was of great geological importance. 

(Ca2) Mulloch-Hill Sandstones.—This purple conglomerate of 
Quarrel Hill graduates upwards into a mass of soft sandstones, at 
least 250 feet in thickness, which, because of their typical exhibition 
on the summit and flanks of Mulloch or Kirk Hill, I shall refer to as 
the Mulloch-Hill sandstones. They are shown in a large number 
of open quarries along the hill-road north-east of High Mains, and 
thence for some distance along the same road almost to the steading 
of High Newlands. A fine display of the same beds is seen in the 
old quarry at Rough Neuk; and they are easily studied in situ in the 
courses of the many burns that descend the flanks of Quarrel Hill. 
In all these localities they retain the same general facies of a thick- 
bedded series of sandstones separated by thin seams of sandy shales. 
The natural colour of the rock is a dark grey, with a slight greenish 
tinge ; but when weathered it becomes gradually coated with an 
exterior tint of purple or yellowish red, which soon extends itself 
inwards till finally the entire rock becomes of a deep rusty or 
iron-shot colour. 

These sandstones are soft and sectile, breaking up easily under 
the hammer. The more flaggy beds have usually a rough conchoidal 
fracture; the thicker sandstones split up much more evenly, and 
generally weather down into rough tilestones. The shaly alterna- 
tions rarely show evidence of regular lamination, but fall away in 
rough and irregular flakes. 

The whole mass of beds retains very much the same mineralogical 
character from base to summit; but in the lower zones sandstones 
are broadly preponderant. The highest zone of the group is actually 
a band of pale yellow sandstones. It passes upwards conformably 
into a superior group of yellow-weathering mudstones (Cb3), which, 
as seen on Mulloch Hill, are comparatively barren. A few Brachio- 
poda and species of Ptilograptus occur in the exposures N.E. of Kirk 
Hill, near the cottage of High Newlands. 

The Mulloch-Hill sandstones range southeastwards from the 
typical localities obliquely down the slopes of High Mains into the 
low-lying flat of the Quarrel Burn, below the ruins of Auldthorns. 
They are much cut up by the many loop-faults of that complicated 
area, and are finally inverted and pinched out, by the converging 
faults of Quarrel Hill and Craighead, near Kildrummie. In the 
streams and exposures of the area occupied by these beds below 
Auldthorns the strata are crowded with fossils. They are fully as 
abundant as upon Mulloch Hill, and are occasionally even more 
completely preserved. 
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Fig. 22. Section of the Strata of Glenwells Burn. 
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SED. 


a. \ 
CH Glenwells Shades. ae Mewlanads Grits. f \ 


», Lower Carboniferous. sandstones and shales (invisible along line of section) 
Cb. Newlands grits and conglomerates. 
2. Yellow sandstones and flagey grits. 
1. Coarse yellow conglomerate. 
Cab. Glenwells shales. 
(2) Pale-blue flags and shales, with Climacograptus normaiis. 
(1) Pale-blue flags and shales, non-fossiliferous. 
Ca?. Mulloch-Hill beds. 
2. Yellow sandy shales, with Leptena, Orthis, and Strophomena. 
L Brachiopod-sandstones of Rough Neuk. 
Sf. Faults. 

In the stream which descends from the north-east slope of Kirk 
Hill, and flows past Rough Neuk to the cottage of Glenwells, a 
tolerably complete section of the strata above the shelly sandstones of 
Mulloch Hill is laid open (fig. 22). Near the head of the stream, a 
short distance below the roadway, shell-bearing beds are discovered, 
dipping steadily to the 8.E. off the sandstone group of Rough Neuk. 
Lower down these beds are followed, after an interval, by a series 
of blue and green mudstones with intercalated harder ribs. These 
strata have the same general inclination as the Rough-Neuk beds ;’ 
but there is some doubt whether they succeed them in conformable 
sequence. They continue to occupy the bed of the stream for some 
distance, dipping at an average angle of about 50°, the beds becoming 
somewhat flageier as we ascend in the succession. They appear to 
be generally barren of fossils, except in certain thin seams of striped 
shales, which have afforded me 7 

Climacograptus scalaris, His. ? Monograptus tenuis, Pord/. 

Dimorphograptus acuminatus, Nich. 

At this point occurs another unfortunate break in the section, and 
no rock-exposures are seen for a distance of between 40 and 50 yards. 
These pale-blue mudstones and flags of Glenwells are thus com- 
pletely isolated as regards their stratigraphica al position. It is by 
no means improbable ‘that they are separated from the true Mulloch- 
Hill beds by an important branch of the Craighead dislocation, 
which has cut out the basal zones of the Newlands series. They 
agree exactly, however, in dip and strike with the underlying 
Mulloch- Hill beds, while mineralogically they appear, to be nothing 
more than the upward prolongation of the Ptilograptus-shales at the 
summit of that group. The strata next visible are so distinct in 
their lithological characters that they must be regarded as belonging 
to a new subformation. Hence it will be convenient provisionally 
to regard: the Mulloch-Hill beds as terminated by these blue mud- 
stones, below which the descending succession is tolerably continuous 
down into the basal conglomerate of High Mains and Craigens. 
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The Mulloch-Hill beds, as thus extended, consist therefore of the 
following members :— 

Cab. Glenwells Graptolitic Mudstones and Flags. 
Ca”. Rough-Neuk or Mulloch-Hill Sandstones. 
Ca‘. Mulloch-Hill Conglomerate. 

Generally speaking, it may be said that their lower beds are thicker 
and contain more of the purple and grey tilestones; the middle beds 
are alternations of thick-bedded sandy flags and sandy shales; and 
the upper beds show many zones of soft mudstones, pale-hearted and 
weathering to a golden yellow. 

The entire sequence is exposed along the line of section already 
given (fig. 22). The thick-bedded sandstones are laid open in many 
spots to the left of that line in the broad hollow separating Quarrel 
Hill from the Mulloch Quarries. The flagey central (or Rough-Neuk 
beds) occur in the quarries on the roads to the south of Mulloch, and 
the highest yellow pale-hearted flaggy mudstones near the house of 
High Newlands. 

Fossils occur throughout the group, but they are comparatively 
rare in its highest division. In the exposures of the lower division, 
in the depression and roadway-quarries west of Mulloch Hill, they 
occur in incredible profusion, mainly, however, in the form of casts, 
the shell itself being weathered away and replaced by a soft ochreous 
matter of a beautiful orange-yellow colour. Here occur in abun- 
dance such characteristic forms as Atrypa henuspherica, Orthis 
reversa, Meristella ungustifrons, and Rhynchonella cuneata, together 
with crowd of others, of which the most remarkable is the enigma- 
tical Nidulites favus, which was first described from this locality. 

In some of the lower beds the shells abound to such an extent that 
the rock deserves rather the title of an impure limestone than that of 
a true sandstone. This is the case also with the succeeding central 
and more flaggy group, of which a deep section is shown in the old 
quarry of Rough Neuk, one of the most prolific spots for fossils in the 
Girvan district. Corals are perhaps more abundant in this part of 
the subgroup than in the beds below; but even here, as throughout 
the whole series, Brachiopoda are overwhelmingly preponderant. 


(ii.) Pentamerus-Girits and Shales of Newlands. 


It will be apparent on a study of the map and sections (Pl. XXV. 4), 
that these Mulloch-Hill beds form a well-marked zone, which crosses 
the great inlier from side to side, reposing on the Ardmillan group 
of the central areas, and throwing off a fresh series of beds, which 
occur only in the north-easterly angle of the inlier in the neigh~- 
bourhood of the farmstead of Newlands and the wocds of Glen- 
shalloch. It will be evident also on further study, that the depo- 
sition of these new beds upon the ground is conclusive of their 
superiority to the Mulloch-Hill rocks; for they constitute a definite 
zone, having the same strike as the Mulloch-Hill beds themselves, 
and forming an exterior coating to the latter, as do the Mulloch- 
Hill beds to the underlying rocks of the Ardmillan group. In 
developing the interrelations of the subformations composing the 
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inner shells of the Quarrel-Hill dome, as already described, we have 
had the advantage of possessing easily interpreted sections of long 
extent and tolerably continuous throughout. Among these newer 
and outer beds, on the contrary, the sections are much broken, and 
some of the component zones of the series are represented in isolated 
exposures of very insignificant extent. It follows, therefore, that 
while the general disposition and broader features of the strata are 
easily made out, we are unable to construst a complete ascending 
tabulation of the beds, or say with absolute certainty what special 
thicknesses of rock are locally wanting. 

The area occupied by these beds is the extreme north-easterly 
angle of the Lower Paleozoic inlier, and is bounded on both its 
outer margins by faults of great magnitude, at the same time that 
it is more or less cut up by minor dislocations of dubious position. 
Nevertheless the component strata are exhibited in so many ex- 
posures that there can be no great question respecting their general 
arrangement, while they are of such a nature that they admit of 
very convenient subdivision in the field. 

Broadly speaking, it may be said that the group is formed of two 
subdivisions—a lower subdivision of flaggy grits, sandstones, con- 
glomerates, and calcareous flags, and a higher subdivision essentially 
composed of Graptolitic shales. 

The Lower Subdivision forms a well-marked band about 200 yards 
in width, ranging parallel with the highest zone of the underlying 
Mulloch-Hill beds, from the cottage of Glenwells to the farmhouse 
of Newlands. 

Its lowest beds are exposed at the little burn of Glenwells, to the 
southward of the Graptolitic mudstones we have referred to the 
Mulloch-Hill group, the intermediate beds being invisible for a 
distance of some 40 or 50 yards. ‘These basal beds consist of 
thick-bedded sandstones and flags, with occasional zones of coarse 
conglomerate. The coarsest seams of conglomerate occur at the 
base of the section; but pebbly beds recur again and again in 
the succession. ‘The matrix of the beds is sandy, and more or less 
calcareous. About 100 feet of these strata probably occur in the 
stream itself. between their first appearance above the Graptolitic 
mudstones and the neighbourhood of the cottage of Glenwells, where 
they are abruptly truncated by the great bounding fault of Kil- 
kerran and Craighead. 

The central and upper beds of this subdivision form several 
prominent ridges in the cultivated fields in their prolongation along 
the normal line of strike to the north-east, and in the wooded slopes 
between Glenwells and the farmhouse of Newlands. They afford, 
however, no serviceable exposures, except in the bed of the little 
stream whch drains the hill-slopes west of the farmhouse, where 
the pebbly gritstones are seen in place close to the farmhouse itself, 
while a series of soft flaggy beds is found a short distance lower 
down the stream. 3 

An old quarry, a few hundred yards north-east of the farm, has 
been excavated in the higher zones of this subdivision. No section, 
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however, is visible; and the quarry itself is filled with fragments of 
the coarse gritstones collected from off the surface of the fields. 

About twenty yards further, in the same direction, however, most 
valuable testimony is afforded us by a few limited sections in a 
small burn-course in a narrow strip of plantation. Here occur 
pale sandstones and calcareous flagstones, weathering of the same 
light yellow tint as the generality of the rocks of this subdivision. 
They split up under the hammer into angular fragments, and 
contain an abundance of casts of fossils. They yield examples 
of the characteristic Mulloch-Hill forms—Atrypa hemispherica, 
Sow., Midulites favus, Salt., Rhynchonella cuneata, Dalm., [llenus 
Thompsont, Salt.,—and, in addition, a host of new and very striking 
forms unknown in the underlying series, including Pentamerus lens, 
Pentamerus oblongus, Atrypa imbricata, Phacops Stokes, Proetus 
Stokesu, Enerimurus punctatus, &e. 

Of the strata which follow immediately upon these Pentamerus- 
flagstones, we know very little further from this locality. An 
exposure of a few of the beds of the same zone occurs in the same 
plantation a few hundred yards to the northward; and a limited 
section of shales weathering to a purple colour, in the ditches at the 
edge of Glenshalloch Wood. 


(i.) The Graptolitic Shales of Glenshalloch. 


The yellow-weathering Pentamerus-conglomerates, grits, and flag- 
stones of Newlands are succeeded to the eastward by a thick mass 
of soft shales and flags, of a dark greyish-green colour. They 


Fig. 23. Section of the Pentamerus and Graptolitic Beds of 
Baldrennan Burn. 
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b. Pale blue flagstone. 
a. Coarse yellow conglomeratic gritstones. 


occupy all the remaining portion of the Lower Paleozoic area, and 
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are well displayed in the branches of Baldrennan Burn, and in the 
smaller streams which drain the damp slopes of Glenshalloch Hill. 

In the western branch of Baldrennan Burn the lowest visible 
strata of this higher subdivision consist of yellow-weathering pale- 
hearted flagstones, which are essentially identical with those of the 
underlying subgroup. These graduate upwards into a series of 
dark-grey Graptolitic shales, which extend downwards along the 
stream-course for a distance of about 150 yards, to the line of the 
great Craighead fault, where they are crushed against a series of 
flagstones, shales, and impure limestones, that possibly appertain to 
the Lower Carboniferous formations. 

These Graptolitic shales dip at a steep angle, and appear to be 
more or less folded. Their united thickness may be estimated at 
about 200 feet. 

Fossils are rare ; the only forms are Graptolithina. These occur 
in some striped seams near the termination of the visible section. 
The chief forms collected include :-— 


Rastrites peregrinus, Barr. |  Monograptus argutus, Lapw. 

Monograptus crenularis, Lapw. |  Diplograptus folium, His. 

—- leptotheca, Lapw. tamariscus, Nich. 
gregarius, Lapw. | Climacograptus scalaris, His. 
fimbriatus, Wich. | Retiolites. 


Similar strata are seen again in the normal line of strike in the 
Glenshalloch branch of the Baldrennan Burn, immediately to the 
north of the Craighead fault, extending up the stream for some 
distance. The beds have al! the characteristics of those of the last- 
mentioned locality, and afford precisely the same fossils. 

The same Graptolitiferous shales are laid open in many of the small 
gullies that drain Glenshalloch Wood, striking in various directions 
and affording presumptive evidence of the presence of several cross 
faults. Along the roadway west of the burn of Glenshalloch they 
are stained of a purple colour, and are twisted round to the north- 
west over the arch of the main anticlinal and its accompanying 
faults. The beds have much the appearance of those of the shaly 
zones of the Upper Paleozoic rocks of the neighbourhood, and 
appear to have been mapped as such by the officers of the Geological 
Survey. Their lithological character and the occasional Graptolites 
they contain, however, place it beyoud question that they are simply a 
slightly discoloured portion of the Graptolitic strata. The following 
forms have been collected from them by myself :— 


Monagraptus fimbriatus, Nich. Monograptus leptotheca, Lapw. 
triangulatus, Harkness. Climacograptus scalaris, His. 


These Graptolitiferous shales are the highest beds of Lower Paleo- 
zoic age exposed in this area. The remaining angle of country 
lying between Glenshalloch Cottage and the point of convergence 
of the Craighead and High Newlands faults is wholly covered by 
drift and brushwood. 

Summary.—Our study of the fossiliferous strata of the Girvan 
succession exposed in the inlier of Craighead and Mulloch Hill has 


resulted in the detection of an easily interpreted ascending sequence 


SS a 
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from the Barren Flagstones of Quarrel Hill into the Graptolitic flag- 
stones and shales of Glenshalloch. The strata ofthe inlier belong to 
two distinct groups in the succession, each group being strikingly 
individualized by lithological characters and by peculiar organic 
remains. The strata of all except the highest formation of this 
sequence are exposed in unbroken succession; while there is suffi- 
cient evidence available to fix the true place of this final division, 
and to determine broadly the thickness and general characters and 
fossils of its natural members. We have, that is to say, in this 
northern inlier the following ascending sequence :— 

(Be. Barren Flagstones of Balweary and Quarrel Hill. 

| Bd. Zrinucleus Shales of Drammuck and Lady Burn, consisting of :— 

1. The fossiliferous basal grits of Auldthorns. 


2. The Trinucleus-Musdtones of Lady Burn. 
3. The Sandstones and Starfish-beds of Quarrel Hill. 


{ 
| 
( 
(Ca. The Mulloch-Hill Beds, consisting of :— 

| 1. The Mulloch-Hill (High Mains) Conglomerate. 
4 

| 

\ 


Ardmillan 
Series. 


2. The Rough-Neuk Shelly Sandstones. 
3. The Graptolitic Mudstones of Glenwells Burn. 
Cb. The Newlands Beds, containing : — 
1. The Pentamerus-grits and Yellow Flags of Newlands. 
2. The Graptolitic (gregarius) Shales of Baldrennan and Glen- 
shalloch Wood. 


Newlands 
Series 


(D) Strata BETWEEN THE SaveH-Hitt Favrr anp THE CAMREGAN 
LIMESTONE. 


With the invaluable aid afforded us by the complete and highly 
satisfactory succession among the T’rinucleus-, Brachiopod-, and 
Pentamerus-groups we have last determined in the Craighead area, 
we now return to the rocks of the main plateau, and resume our 
study of the Lower Paleozoic strata lying to the south of the Girvan 
Valley. 

The strata of this important region which yet remain to be 
described, lie between the Saugh-Hill fault and the bounding dislo- 
cation of Bargany, which has depressed the Carboniferous and Old 
Red Sandstone rocks of the valley of the Girvan. The area they 
occupy extends inland from the sea-shore near Shalloch to the 
village of Straiton upon the upper course of the Girvan Water, a 
distance of 12 miles; but its greatest breadth rarely exceeds three 
fourths of a mile. Within the area thus defined, the rocks under 
notice, as will be apparent upon « study of the maps, are arranged 
in a series of well-marked petrological zones, which form a suc- 
cession of very narrow parallel bands, ranging longitudinally 
through the area from the Braehill fault on the west across the 
gorge of Penwhapple, and thence into the steep slopes of Bargany 
and Dailly, till they finally plunge, one by one, below the gently 
inclined conglomerates, red sandstones, and traps which make up 
the Old Red Sandstone group of the Hadyard Hills. 

At first glance it would seem that nothing could be more simple 
than this arrangement. MRock-bands so distinctive in individual 
peculiarities, and so symmetrically disposed, are naturally expected 
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by the stratigraphist to be as easily and satisfactorily reduced to the 
natural order as were the regularly concentric and but slightly 
disturbed strata of the Craighead area. And, indeed, to a large 
extent, this expectation is justified by the event; for had the 
apparent inclination of the strata been trustworthy, there would 
have been no special difficulty in working out the entire sequence 
of the remaining rocks bed by bed; but, unfortunately, the repeated 
foldings and inversions, so palpable among the underlying Ard- 
millan strata of the Girvan plateau, are here continued and inten- 
sified ; and the problem of the true sequence of the visible zones in 
the strata of the immediate neighbourhood of the Saugh-Hill fault, 
upon more extended examination, appears wellnigh unsolvable. 

It will be seen from the map (Pl. XXY. 1) that a band of Penta- 
merus-grits and limestones (C c) forms what may conveniently be 
termed the longitudinal axis of the Lower Paleozoic region yet to 
be described. This band, which is traceable from end to end of its 
course, from the Braehill fault to the Hadyard Hills, forms a clear 
and easily recognizable horizon, or datum-line, to which to refer the 
less completely exposed strata of the region. North of this band, 
the strata, though inverted in inclination, present no special diffi- 
culties ; but between it and the Saugh-Hill fault, the visible pheno- 
mena demand the most careful scrutiny. 7 

This intermediate area is occupied by a series of hard gritstones 
and fine conglomerates, varied by occasional seams of flagstones, and 
thick bands of green, grey, and black Graptolitiferous shales. A kind 
of rude parallelism is evident among the beds; but the manner in 
which certain seams appear to thicken out in one locality, and to thin 
away in others, while elsewhere they seem at the first glance to be 
replaced by correspondent groups of wholly distinct petrographical 
characters, forces us to demand a much larger mass of testimony 
in favour of our conclusions than that which has satisfied us in the 
less disturbed areas already described. 


(a) Section of the Graptolitic Shales and Grits i Penwhapple Glen. 


The deep glen of Penwhapple affords by far the most satisfactory 
and continuous section of these dubious gritstones and shales. They 
follow in immediate geographical succession to the Barren Flagstones 
of that gorge already described, from which they are divided by the 
important Saugh-Hill fault. 

Northward from the line of this fault they occupy the bed and 
banks of the stream for about a quarter of a mile of its course, until 
we reach the datum-line of Pentamerus-limestone last mentioned. 

The most cursory examination of the grits and shales by one who 
has already studied the strata of Newlands and Glenshalloch, de- 
scribed in the preceding section, is almost sufficient to convince him 
that these beds, as seen in Penwhapple Glen, are identical in their 
lithological features with the yellow grits and Graptolitic flagstones 
of the northern locality ; and whatever doubts he may feel as to 
their general correspondence with the northern strata are soon dis- 
pelled if he take the trouble to collect the fossils from these Pen- 
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whapple beds, as he will recognize amongst them some of the most 
peculiar and characteristic Glenshalloch forms. 

Hence, if no unconformability intervenes to cause a strati- 
graphical break in.the succession we have already developed (and, 
as we have seen, there appears to be no evidence in the northern 
inlier in favour of such a break), it is clear at the. outset that 
between these Graptolite-bearing shales of Penwhapple and the 
Barren Flagstones, with which the Saugh-Hill fault has placed them 
in physical contact to the south, there are actually missing the 
entire subformations of the Druwmmuck Mudstones and the Mulloch- 
fill Sandstones, a vertical extent of rock at least 600 feet in 
collective thickness. 

A more extended examination of these Graptolitic flagstones and 
grits, as here exhibited, while it will finally fix in the mind of the 
investigator the conviction of their general identity with the 
similar Glenshalloch series, will have the further result of showing 
him that some of the most conspicuous zones of rock apparent in 
that area are missing from this Penwhapple section, while other 
bands are here very conspicuous, which are apparently wanting in 
the Newlands and Glenshalloch area. 

We have shown that, in spite of the innumerable inversions 
and dislocations determinable among the Ardmillan strata of the 
higher parts of Penwhapple Glen, there is nevertheless a generally 
ascending succession aS we pass over the edges of the strata from 
south to north. Asthe strata now under examination are similarly 
affected by physical accidents, there is a strong @ priori probability, 
amounting almost to certainty, that they will be found to be subject 
to the same general rule. We shall, indeed, show in the sequel 
that even the regularly disposed rock-bands on the northern side of 
the datum-line of the Camregan Pentamerus-limestone follow pre- 
cisely the same rule of inverted succession. 

Starting, therefore, from the line of the Saugh-Hill fault, let us 
study the Penwhapple section in detail, regarding the visible strata 
as inverted in position, and treating of the whole as a generally 
ascending sequence (fig. 24). 

(Cha) Diplograptus-modestus Shales.—The strata which follow 
immediately upon the great dislocation form a thick zone of dark 
grey shales (Cba) with a few seams of flagstones. Its lowest beds 
are thick-bedded black mudstones, crowded with Graptolites in an 
excellent state of preservation. The basal beds of the group along 
the line of the fault itself are green flaggy rocks, concretionary and 
more or less calcareous. From these I have procured Pentamerus sp. 
The black mudstones themselves are crowded with Diplograptus tama- 
riscus, Nich., D. modestus, Lapw., Climacograptus normalis, Lapw., 
Monograptus tenws, Portl., M. crenularis, Lapw., M. leptotheca, 
Lapw., together with many fragments of Crustacea and Ortho- 
ceratites. These mudstones graduate upwards into the main mass 
of the grey shales through a small group of striped shales, con- 
taining an abundance of the same fossils with well-preserved Ortho- 
ceratites. 
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In the grey shales themselves Graptolites are remarkably rare. 
The only forms collected by myself are Diplograptus modestus, Lapw., 
and Duplograptus, sp. 

(Chb.) Grey Flags and Girits.—The grey shales are followed by a 
similar thickness of hard grey gritstones (Cbb). Many of the beds 
are three or four feet in thickness, and are filled with small quartz 
pebbles about the size of a pea. They are associated with more 
thinly bedded flagstones without quartz pebbles. The beds are usu- 
ally of a pale grey interiorly, and the majority weather exteriorly 
in the stream-course to an orange-yellow tinge. They are greatly 
twisted and broken; and no reliable estimate can be formed of their 
thickness. No fossils are known from this group. 

This grit series is succeeded by a second zone of the grey shales so 
characteristic of the group. ‘These are very similar to those of the 
first zone, but are more micaceous and iron-stained; but, to judge 
from the general disposition of the strata (see fig. 24), they are merely 
a repetition of the same beds. They contain no visible fossils in 
this locality. 

A second grit band follows, resembling the first band in all essen- 
tials, but containing more of the thick-bedded pea-grits, some bands 
of which are at least six feet in thickness. 

(Cbhe.) Monograptus-Sedqwicku Mudstones.—Above follows the 
third and final shaly zone of the series. This is composed of a most 
conspicuous group of grey and black shales, apparently more than 
a hundred feet in thickness. The lower or southern half of the 
band is formed of greyish-green shales identical with those of the 
previous shaly zone, and like them wholly devoid of organic remains. 
The upper or northern half, however, is most unique in its litho- 
logical features. 

It consists essentially of soft shaly mudstones, containing a large 
proportion of carbonaceous matter; and impregnated with sulphate 
of iron. The entire group is stained of a deep iron-shot colour, and 
is so excessively crushed and contorted that the bedding can only 
be made out with the utmost difficulty. Calcareous matter is 
occasionally present in notable quantity; and large nodular con- 
cretions are abundant in the steep cliffs of the rock which overhang 
the right bank of the stream. 

Graptolites are abundant, but are most difficult of extraction, in 
consequence of the crushing to which these beds have been sub- 
jected ; while fragments of Crustacea and Orthoceratites are occasion- 
ally seen. 

The Graptolites as a whole are very distinct from those of the 
black shale near the Saugh-Hill fault at the base of our section. 
A few of the forms there obtainable are still present, viz. :— 


Diplograptus tamariscus, Nich. »° Climacograptus normalis, Lapw. 
Monograptus tenuis, Pordi. Monograptus attenuatus, Hoph. 


But they are accompanied by a host of other forms unknown in the 
basal beds, chiefly the familiar species :— 


Q. JnGesS. Now 152. 2u 
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Rastrites peregrinus, Barr. Monograptus intermedius, Carr. 
hybridus, Lapw. spiralis, His, ~ 
Monograptus Sedgwicki, Poritd. | Diplograptus folium, His, 


—— Hisingeri, Carr. palmeus, Barr. 
-—— Hughesi, Nich. 


The soft black mudstones terminate abruptly to the north against 
the series of grits and sandstones which form our datum-zone of the 
Pentamerus-beds of Camregan. 

Our study of the Graptolitic shales and gritstones of Penwhapple 
have thus resulted in showing us that in this locality there are two 
distinct Graptolitiferous zones, one at each end of the section—the 
earlier one characterized by Diplograptus modestus, Lapw., and a 
few other forms, and the later one by Monograptus Sedgwickii, Portl., 
and its usual associates. These two terminal zones are here divided 
from each other by an intermediate zone of barren pale-hearted 
and pebbly gritstone. 

The M. Sedqwickii bed at the summit of the section is clearly absent 
from the Glenshalloch area ; nor is there any thing in that district 
we can satisfactorily parallel with the central grits and shales of Pen- 
whapple. The only strata, therefore, that we may regard as possibly 
common to our Glenshalloch and Penwhapple sections are the grey 
shales of the first zone ; and even of these the black D. modestus mud- 
stones at their base are unseen in the northern inlier. 

If, therefore, the Newlands Pentamerus-grits which underlie 
the main mass of the Glenshalloch shales, conglomerates, and 
limestones are present in the southern area, we can only expect to 
find them in the immediate neighbourhood of the Saugh-Hill fault. 


(6) Confirmatory Section of Saugh Hill. 


Eastward of Penwhapple Glen no good sections of these strata 
are visible ; but westward their beds are greatly developed and are 
fairly exhibited to the investigator. 

Saugh-Hill wrea (Diplograptus-modestus Shales).—Excellent sec- 
tions of the basal zone of grey shales are seen in the Tralorg Burn. 
The inverted beds dip with tolerable regularity towards the line of 
the Saugh-Hill fault; but we find evidence that the great dislo- 
cation crosses different horizons along its course, in the presence of 
soft white mudstones and shales which are unknown in the Pen- 
whapple section ; while occasional bosses of a coarse pebbly conglome- 
rate are found along the same line. 

As the line of grey shales is followed over the higher ground to the 
west, the section beeomes obscured by vegetation, and we find no 
exposure of the Diplograptus-modestus band until we reach the head 
of Saughill Burn, more than a mile to the westward, where the many 
small drains afford a few insignificant exposures. 

On the west side of Saughill Burn, at the precise point where the 
Saugh-Hill fault is cut off by a transverse dislocation, a good section 
of the Graptolite-bearing beds of a part of the grey-shale band is shown 
in the miniature cliffs by the side of the almost obliterated hill-road. 
Here dark carbonaceous shales dip into the Saugh-Hill fault at a 


ar Som 


PROF. C. LAPWORTH ON THE GIRVAN SUCCESSION. 635 


medium angle, and afford proofs of the extension of our lowest 
Penwhapple shale-band to this spot, both in their petrographical 
features, and the presence of 


Diplograptus tamariseus, Nich. | Monograptus cyphus, Lapw. 
— modestus, Lapw. gregarius, Lapw. 
Climacograptus normalis, Lapw. tenuis, Porti. 


and the generality of the Penwhapple forms (see fig. 25). 

At this point the fault of Saugh-hill Burn brings the band to a 
sudden termination, the Ardmillan beds occupying the hill-slopes 
immediately to the westward. 


Fig. 25.—Section across the N.W. face of Saugh Hill. 
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Ardmillan Series :— 

Ba*. Ardwell Beds. Thin-bedded mudstones and conglomeratic grits of 
the Cascade-zone, with Dicellograptus Forchhammeri, Dicranograptus 
Nicholsoni, &e. 

Be. Barren Flagstones, with Nematolites. 

(C) Newlands Series :— 
Cba. Woodland beds. 
(2) Craigskelly conglomerate ? 
(3) Striped shales, with Diplograptus modestus, Monograptus lepto- 
theca, &e. 
(4) Grey shales, non-fossiliferous. 

Cbb. Saugh-Hill beds. 

(1) Grits and flagstones and quartz conglomerate, grey, with Clima- 
cograptus &e. 

(2) Calcareous band. 

(3) Pale yellow sandstones, grits, and conglomerates. 

Che. Monograptus-Sedqwickii beds. 

1. Grey and green shales and thin-bedded flagstones, with Rastrites 
peregrinus, Diplograptus palmeus, &e. 


Penwhapple Grits and Shales.—Returning therefore to our con- 
tinuous section in Penwhapple Glen, we next proceed to define 


the distribution of the succeeding zones of pebbly grits which there 
202 
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intervene to separate the grey-shale zone from the I/.-Sedqgwickit 
mudstones. 

The yellow grits, imitating precisely in the gentle curvature of 
their strike the range of the grey shales to the south, sweep up 
from the banks of Penwhapple into the hill of Camregan, forming a 
broad and well-marked mound upon the surface of the ground. 
Thence they are followed continuously along the ridge into the 
summit of Saugh Hill, forming a broad mound-like ridge, from 700 
to 900 feet in height and more than two miles in length, which 
looks down upon Girvan and the cultivated slopes of the Brae. At 
its eastern extremity the extent of surface floored with this band of 
coarse grits is not more than 300 feet in width; but as it pro- 
ceeds to the eastwards, it rapidly enlarges its diameter, till finally, 
upon the summit of Saugh Hill (fig. 25), it cannot be less than 600 feet 
wide ; and the group attains here a geographical importance which 
has suggested to me the title of Saugh-Hill Group as the collective 
name tor the entire Gritstone and Graptolitiferous series. 

The coarse grits are exposed in a host of quarries and natural 
sections along the ridge; and much additional knowledge of the 
physical characteristics of the group is obtainable. In addition to 
the coarse and more or less flaggy gritstones of Penwhapple Glen, 
we have here actual beds of conglomerates with pebbles an inch or 
two in Giameter and peculiar breccias made up of angular fragments 
of quartz, gritstones and shales, imbedded in a strange matrix of a 
greyish-white colour. Some of the associated grits are of great 
thickness, but are generally separable into large parallel flags. The 
entire group is very sandy in character; the majority of the beds 
weather to an orange-yellow, and occasionally even to a faint pink 
colour. Fossils are said to have been procured from these beds; 
but I have never yet been able to detect a single fragment of any- 
thing organic within them. 

The great width of the band upon Saugh Hill is undoubtedly due 
to the fact that the beds are repeatedly folded. A peculiar rock, 
having the general character of a bastard limestone, makes its 
appearance again and again as we cross the band transversely, and 
affords a good idea of the number of hidden folds. 

The narrow diameter of the same zone near Penwhapple is in all 
probability due to faulting, as there are certainly several strata 
upon Saugh Hill that are wanting in our Penwhapple section. 

Monograptus-Sedqwickti Mudstones.—Between the summit of the 
Saugh-Hill ridge, which is occupied by the yellow grits and sand- 
stones described, and the general datum-line of the axial Camregan 
limestone group, few sections are visible; but all the evidences they 
afford us concur to prove that this interesting band of country is 
mainly occupied by the final or M.-Sedgwickit band of the Saugh-Hill 
group. The second grit of Penwhapple cannot be traced for any great 
distance westwards; and its place is occupied by dark shales, appa- 
rently of the M.-Sedgwickii zone, within a quarter of a mile of the 
glen. Grey flaggy shales similar to those in contact with these grits 
are traceable bounding the Saugh-Hill sandstones along the northern 
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slopes of its prominent ridge until we reach the north and south 
fence which separates the properties of Killochan and Bargany. A 
little to the west of this fence the I.-Sedqgwickii beds are seen in situ, 
retaining all the characteristics they exhibited in Penwhapple glen, 
and affording :— 


Rastrites hybridus, Lapw. Diplograptus palmeus, Barr. 
Monograptus Sedgwickii, Port/. tamariscus, Nich. 

spiralis, Gein. Climacograptus normalis, Lapw. 
—— lobiferus, M*Coy. 


The northern slopes of Saugh Hill are occupied by grey shales 
and flags probably a little lower in the series. These are well ex- 
posed in many sections on the hill-face, very conspicuous from the 
valley below.. They contain few fossils, the chief forms I have 
been able to procure from them being Monograptus gregarius, Lapw., 
and Rastrites peregrinus, Barr. 


(¢) Coast-area of Shalloch and Woodland. 


The broad band of yellow gritstone and grey Graptolitiferous 
shales we have traced from the gorge of Penwhapple into the 
heights overlooking the seaport of Girvan is abruptly truncated, 
where it attains its widest geographical extension at the western 
extremity of Saugh Hill, by the transverse fault of Saugh-Hill Burn. 
The area through which its strata would naturally be prolonged 
is occupied by the older and very distinct Ardmillan Shales, which 
strike almost at right angles to the Saugh-Hill band. These 
Ardmillan strata, after gaining their normal strike in Piedmont 
Glen, are continued to the west in the coast-platform of Shalloch and 
Ardwell as far as the distant headland of Woodland and Kennedy’s 
Pass, between which, as we have shown, they attain their most 
typical development in the Girvan region. 

The great fault of Braehill and Dailly, which forms the southern 
boundary of the Carboniferous and Old Red beds of the Girvan 
valley, and which crosses the front of Saugh Hill at the head of 
Cuddystone Burn, comes upon the shore at Shalloch Forge and is 
prolonged south-westwards down the entire length of the coast- 
platform. It runs in a straight line parallel with the edge of 
the shore, and throws down against the flaggy Ardmillan series 
a very different set of beds of w most peculiar petrological cha- 
racter. They consist of massive boulder-conglomerates, pebdbly grits, 
and striped shales. The hard and intractable nature of these 
peculiar strata, as contrasted with the more easily eroded Ardmillan 
beds with which they are in contact, has resulted in their being 
preserved as a line of conspicuous reefs, which rise up boldly out of 
deep water, and form a protecting fringe along the seaward edge of 
the platform. At high water they compose a line of long and 
narrow islands, against which the waves dash their fiercest, while 
the interior parts of the platform, occupied by the Ardmillan series, 
are covered from sight by the less agitated waters which force their 
way through the many openings in this natural breakwater. 
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1. Shalloch Forge.—At the back of the blacksmith’s shop of 
Shalloch, where the Braehill fault comes upon the sea-shore, we find 
excellent exposures of the strata of this conspicuous protecting 


series. The general succession there apparent is given in the following 
section (fig. 26). 


Fig. 26.—Section of the Rocks of Shalloch Forge. 
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B. Ardmillan Series :— 
Be. Barren flagstones. 
C. Newlands Series :— 
Cha. Woodland beds. 
Cha‘. Coarse green boulder-conglomerate of Oraigskelly. 
Cha’. Coralline limestone, with Pentamerus oblongus &e. 
Cha’. Striped shales, with Diplograptus modestus, Monograptus 
leptotheca, &e. 
Ce. Saugh-Hill beds. 
Cel. Quartz conglomerate of Shalloch Forge. 
ff. Faults. 


The beds which have the appearance of being lowest in the succes- 
sion are certain green flagstones and shales (Bc), lithologically similar 
to those of the Barren Flagstones of the Ardmillan group and the 
green flagstones occasionally found in the Graptolitiferous zones of 
the Saugh-Hill beds. They are only seen at low water, imme- 
diately to the south of the rugged boss of the Horse Rock, which at 
high tide forms the most northerly of the protecting fringe of islands 
already referred to. Of these green flagstones only about 30 feet 
are seen, and they dip at an angle of about 45 degrees to the north- 
ward, and are succeeded, with a slight unconformity, by the remark- 
able mass of boulder conglomerate of which the Horse Rock itself 
is made up. This conglomerate is from 50 to 60 feet in total thick- 
ness, and contains many interbedded seams of gritstones, which show 
that the general inclination of the rock is almost identical with that 
of the flagstones below. The main mass of the conglomerate is 
made up of well-rounded boulders varying from one inch to a foot 
and a half in diameter. They consist of pieces of granite, porphyry, 
felstone, greywacke, shale, Lydian stone, quartz, and jasper, imbedded 
in a coarse sandy matrix of a dark green colour and excessively 
indurated. In its general aspect the rock reminds us of the Benan 
Conglomerate, and also in the special association of its enclosed 
boulders, but it is altogether harder and much more firmly com- 
pacted than is generally the case with that deposit. 

Above this Horse-Rock conglomerate there is a break in the 


hen 
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section of some 30 or 40 feet, and the next strata seen are very dif- 
ferent in their mineralogical characters. They protrude in little 
bosses from the sand of the small beach immediately north of the 
Horse Rock itself, and consist of a few feet of highly calcareous 
flagstone, or ‘‘ bastard limestone,” much altered and disturbed, but 
abounding in casts of Pentamerus oblongus and other Brachiopoda, 
together with well-preserved examples of Alveolites Labechei, Favo- 
sites gothlandica, and other corals. 

After a second hiatus of less geographical importance than the 
former, these Coralline Limestones are succeeded by a thin group of 
Graptolitiferous shales, which are traceable from the back of the 
smithy, parallel to the two zones already noticed, for about 60 yards 
out to sea. They consist of dark greyish-blue and somewhat flaggy 
beds veined by seams of carbonaceous matter. They are thrown 
into innumerable wrinkles and contortions, which are beautifully 
exhibited on the wave-washed shore at the back of the Forge. 

These shales contain an abundance of fairly preserved Graptolites 
of the species Diplograptus modestus, Lapw., Climacograptus nor- 
mals, Lapw., Monograptus tenuis, Portl., and M. cyphus, Lapw., 
together with forms of Dictyonema and Orthoceras. 

The Graptolitie shales are followed abruptly by a conspicuous 
group of conglomeratic sandstones. They form a broad band lying 
to the north of the shales, and ranging outwards from the roadway 
into the deep water beyond the Horse Rock. These superior beds 
are emphatically bedded sandstones, much softer and looser in 
texture than the generality of the Lower Paleozoic rocks; they 
contain an abundance of white quartz pebbles, often rounded, but 
occasionally angular, scattered confusedly through the main body of 
the rock. The basal beds are filled with-patches and angular frag- 
ments of the underlying shales, and the two formations are dove- 
tailed into each other in a most intricate manner, rendering the 
detection of their natural relationship more a matter of speculation 
than of absolute certainty. 

The base of these conglomeratic sandstones must originally have 
been unconformable with the Graptolitiferous shales with which 
they are in contact. Although the two strikingly distinct rock- 
groups are greatly crumpled and intermixed along the line of junc- 
tion, a cautious study of the phenomena apparent places the fact of 
their original discordance almost beyond question. 

Abundant small fragments and many large slabs of the neigh- 
bouring grey shales occur in the heart of the sandstones, sometimes 
lying parallel with the plane of bedding, sometimes inclined at a 
wide angle thereto. Again, the lowest visible zone of the sand- 
stone conglomerate is filled with pieces of the same striped shales, 
which are surrounded and buried up by the coarser pebbly rock, as 
if they had projected from the sea-floor at the time of the formation 
of the sandstone, and had been enveloped and buried by the latter 
being deposited around and above them. ‘Thus itis highly probable 
that the conglomeratic sandstones which now dip generally with 
the underlying beds were originally somewhat discordant with them, 
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and that their present steep dip is owing to the intercalary fault we 
have referred to. This fault, however, while it has permitted these 
overlying beds to be crushed into a general correspondence in incli- 
nation with the underlying strata, has not actually allowed of their 
removal far from their original position, the angular fragments in- 
cluded in the sandstones being primarily derived from the striped 
shales with which they are still in contact. 

This quartz conglomerate is, in all likelihood, identical with a 
similar band which is found at the base of the Saugh-Hill rocks, 
running from the head of Saugh-Hill Burn to the eastern slopes of 
Camregan Hill. It is there divided from the striped and grey 
shales of the Diplograptus-modestus beds by a narrow strip of flaggy 
greywackes with Climacograptus normalis. (See Map, Pl. XXV. 1 
and Section, fig. 25.) 

Turning next to the neighbouring Graptolitic shales and associated 
strata of Shalloch Forge, and bearing in mind the fact of the 
fault and possible unconformity between them and the conglo- 
meratic sandstones, we find that they present us with no further 
difficulty. The observer who has made himself familiar with the 
section of the Saugh-Hill shales and gritstones in Penwhapple Glen 
will at once refer the striped shales here exhibited to the zone of 
striped shales in the immediate neighbourhood of the great fault of 
Penwhapple ; for not only are the strata lithologically similae in the 
two localities, but their fossils are absolutely identical species for 
species. 

The underlying Penwhapple zone of black mudstone should here 
be found in the blank which intervenes between the striped shales 
and the Coralline limestone with Pentamerus, which latter affords 
an additional link of correspondence with the Penwhapple section, 
where we find the merest fragment of the Coralline seam in the 
lowest concretionary rock with Pentamerus and Corals. 

In the Saugh-Hill section of Penwhapple this Coralline seam is the 
lowest rock exposed ; but if no hidden fault intervene between the 
bed, as here exhibited, and the coarse Horse-Rock conglomerate, we 
are here enabled to descend much lower in the succession, and to 
provisionally locate the boulder- beds of the Horse Rock immediately 
below the base of the Penwhapple and Saugh-Hill sections, and im- 
mediately subjacent to the Coralline or Pentamerus-band. 

2. Craigskelly.—The boulder-bed of the Horse Rock is prolonged 
south-westward into the long mound-lke boss of Craigskelly. This 
forms a low rugged island at high water, but 18 ‘connected with the 
shore by a sandy beach at low states of the tide.’ The coarse strata 
of the Horse Rock are here perpendicular in attitude, and have a 
transverse diameter at least double that they possess in the former 
locality. The boulder-beds already described occupy the south- 
eastern half of the island; while all the western half is formed of 
hard-bedded gritstones several feet in thickness, plunging suddenly 
downwards into deep water. These gritstones weather to a yellowish 
tint, and a few have the peculiar pink tinge which marks many of 
the rocks of Saugh Hill, with which also they agree in the pale grey 
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tint of their unweathered interior. In spite of their forbidding 
aspect, they contain many fragments of well-marked fossils, princi- 
pally Strophomena grandis, Atrypa reticularis, A. hemispherica, 
Duetyonema. 

3. Woodland Point.—The line of reefs formed by these Saugh-Hill 
strata is broken beyond the boss of Craigskelly by the wide opening 
of Shalloch Bay. Near the centre of this bay, however, a similar 
band of hard yellow gritstones rises again into view, forming the 
two small islands of the Scart rocks, which are isolated from the 
shore even at lowest tides. At the succeeding headland of Wood- 
land Point, the band comes for the last time upon the shore-line, 
and we are here presented with the most fossiliferous exposure of 
the Lower Saugh-Hill strata in the Girvan region. 


Fig. 27.—Section of the Strata at Woodland Point. 
N.W. 
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C. Newlands Series :— 
Scart grits (? Saugh-Hill beds). 
\(6) Thick-bedded pale-hearted gritstones, with occasional flags. 
(a) Quartz conglomerate and pebble-beds. 
Woodland beds. 
y. Thin-bedded soft shales and mudstones, with carbonaceous 
seams: Monograptus leptotheca, Climacograptus normalis, &c., 
Orthoceras, Encrinurus, Atrypa. 
B. Calcareous flagstones (Woodland or Lower Pentamerus-lime- 
stone), crowded with Stricklandinia lens, Pentamerus oblongus, 
Strophomena grandis, &c. 


a. Calcareous flags and shales, with few fossils. 

B. Ardmillan Series :—Barren Flagstones. 

f. Faults. 

The headland itself is composed of a long reef of gritstone, which 
at low water is united to the main shore-line by a sandy beach, but 
at high water forms a rugged island of the type of Craigskelly. The 
above section (fig. 27) affords a general idea of the disposition of the 
strata at this interesting locality. 

The main body of the reef is formed of a series of yellow- 
weathering gritstones (b), in beds varying from 2 to 4 feet in thick- 
ness. They are pale-hearted and very intractable under the hammer ; 
but the matrix is not coarser than that of the average gritstones of 
Saugh Hill and Penwhapple. The breadth of the reef occupied by 
these massive gritstones cannot be less than 100 feet; but the beds, 
through varying but little from the perpendicular, afford indications 
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of folding and dislocation. The inner edges of the reef are formed 
by coarser beds (a), which are filled with abundant fragments of 
quartz, gritstone, and igneous rocks, and deserve rather the title of 
coarse pebbly conglomerates. 

Between these conglomerates and the beds next to be described, 
the phenomena visible upon the ground give rise to the suspicion 
that a fault is present; but of its magnitude and effect in interrupt- 
ing the natural sequence no evidence is forthcoming. 

The low and partly sand-covered area lying between these 
conglomerates and the great Braehill fault, which brings up the 
Barren Flagstones of the much older Ardmillan series, is occupied by 
a series of calcareous strata most prolific in fossils. These are 
exposed in some insignificant bosses of rock that are accessible only 
at low water, and in occasional patches of strata which project here 
and there through the floor of the sandy beach. 

Next to the intermittent conglomeratic bands last noticed follow 
certain green flaggy shales (y), striped with lines of carbon and seams 
of calcareous.matter. Only a few feet of these beds are exposed, 
but they are most prolific in beautifully preserved Graptolites, es- 
pecially Diplograptus modestus, Lapw., Climacograptus normalis, 
Lapw., Monograptus tenuis, Portl., A. gregarius, Lapw., MM. lepto- 
theca, Lapw., together with fairly preserved Brachiopoda and forms 
of Orthoceras. 

These beds are followed to the south-east by soft green shales, 
highly calcareous, and abounding with most exquisitely preserved 
examples of Strophomena grandis, Atrypa reticularis, A. imbricata, 
Orthis elegantula, and Leptena quinquecostata. | 

They are succeeded by a thickness of about 30 feet of highly 
calcareous flagstones or limestones (/3), which form prominent ridges 
on both sides of the peninsula. These limestone flags are arranged in 
beds which vary from a foot to an inch in thickness, and are almost 
made up of organic remains. Some of the beds are a compacted 
mass of Stricklandinia lens: others are crowded with Strophomena 
grendis; but all are indeed most astonishingly prolific. Here I have 
collected Stricklandinia lens, Pentamerus oblongus, Atrypa reticularis, 
A. imbricata, Bronteus, Encrinurus punctatus, Holopella, and a host 
of Corals, Encrinites, and Orthocerata. 

About 30 or 40 feet of these Pentamerus-limestones are here ex- 
posed, dipping at an apparent angle of about 60° to the south-west, 
that is to say into the line of the great longitudinal fault which 
here intervenes to separate them from the ancient barren flagstones 
ot the Ardmillan series. 

That these Pentamervus-limestones, Graptolitic shales, and massive 
gritstones belong to the same special group as the rocks forming the 
more easterly portions of this rock-reef as exposed in Craigskelly 
and its neighbourhood is absolutely certain. The rocks of this reef 
have a special character of their own, easily recognizable upon the 
ground, which distinguishes them at sight from the flaggy Ardmillan 
strata with which they are in unnatural contact, while the fossils 
are the same along the entire extent of the reef. 
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If the Graptolitiferous striped shales of Shalloch Forge are, as I 
have already argued, the highest visible beds of these Craigskelly 
rocks, the analogy furnished by the structure of the area already 
studied would lead us to infer that the band of Woodland limestone 
which lies upon the opposite margin of the band along the line of the 

great fault must be the lowest visible zone of the series as here 
exhibited. 

It is not wholly impossible, however, that the rocks of this reef 
are actually arranged in the anticlinal form suggested by the di- 
verging dips upon the opposite margins. If so, the Woodland 
limestone would form part of the Coralline lime-band of the Horse 
Rock and the Woodland grits, being lost in the fault at the base 
of that limestone, a part of them only being seen upon the north- 
western flanks of Craigskelly, while the boulder-band of the Horse 
Rock would then form the lowest bed of the series. But the pre- 
sence of the soft Graptolitic mudstones between the Woodland 
limestone and the Scart grits, the similarity of the basement-beds 
of the latter to the quartz conglomerate of Shalloch Forge, together 
with the general correspondence in petrological characters of the 
Seart grits and those of Saugh Hill, all concur to favour the 
theory of the general identity of the Woodland limestone and the 
Coralline band. In this case the sequence of the Newlands Series 
along the shore-line will stand as follows :— 


Cbb. Saugh-Hill { 2. Scart Grits and Flagstones. 
beds. L 1. Quartz conglomerate. 
4. Grey non-fossiliferous shales of Penwhapple. 
Cha, Woodland 
beds. 


3. Striped and black Graptolite-shales and mudstones. 
2. Woodland Limestone. 
1. Craigskelly Boulder-conglomerate. 


On this view we are able to reconcile several important physical 
facts obtainable within the Girvan region. 

(1) At the south-eastern extremity of the Horse Rock, where the 
Craigskelly boulder-bed is seen in contact with the underlying 
green flagstones and shales, there is a distinct appearance of uncon- 
formability, the coarse boulder-beds resting upon the slightly eroded 
faces of the older beds. 

(2) On the north-western flank of Saugh Hill a boulder-conglo- 
merate, probably identical with that of Craigskelly, rests at once 
upon the Barren Flagstones of Cuddystone Burn (see fig. 25). 

_ (8) The united thickness of the Woodland and Saugh-Hill sub- 

formations, thus arranged, agrees closely with that of their repre- 
sentatives, the coarse conglomerates and yellow flagstones of New- 
lands and Craigwells, in the northern inlier. 

(4) An unconformability at the base of the Craigskelly conglo- 
merate rids us of the necessity for assuming the presence of the 
Drummuck and Mulloch-Hill formations south of the Girvan valley, 
and thus reduces the theoretical downthrow of the Saugh-Hill and 
Woodland faults to comparative insignificance. 
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It is interesting to notice also that this special stratigraphical break 
occurs at precisely the same paleontological horizon as that which 
divides the so-called Lower and Upper Silurian of Southern Britain. 

If these conclusions are accepted, we have in the strata belonging 
to the same general group as the Newlands and Glenshalloch beds 
of the northern inlier the following zones south of the datum-line of 
the Camregan limestone :— 


Che. Monograp- 2. Thick zone of Graptolitic shales, aluminiferous and con- 
tus Sedqwickii eretionary, with Monograptus Sedgwicki a. 
beds. 100 feet. Grey and green, non-fossiliferous shales and mudstones, 


i 
: 3. Coarse yellow sandstones, flags, and erits, with pebbles. 
Cbb. Saugh-Hill [5 2. Pale yellow grits and flags, with a zone of impure calea- 
reous rock. 


Quartz conglomerate and grits. 


Grits and 
Shales. 200 ft. ib 


Green, non-fossiliferous shales. 

Black and striped Graptolitic shales. 
Woodland or Lower Pentamerus-limestone. 
. Craigskelly conglomerate. 


Cha. Woodland 
beds. 200 feet. 


ho 09 ep 


(EZ) Srrara Norre or tHE Camrecan Limestone. 
(a) The Camregan Limestone and its associated Strata. 


Having completed our examination of the shattered and more or 
less incomplete sections of the wide band of Saugh-Hill rocks, we 
now enter upon the study of those found in the area lying imme- 
diately to the northward. This new area is, by contrast, one of 
great geological simplicity, where, as a consequence, our task of 
determining the order of succession is comparatively easy and satis- 
factory (Plate AXYV. 1), 

It is formed of a narrow belt of Lower Paleozoic strata, about 12 
miles in length, lying between the band of dark mudstone with 
Monograptus Sedgwickii, which forms the terminal member of the 
Saugh-Hill Group, and a line drawn parallel with this zone about half 
a mile to the northward. The belt of country thus defined, as we 
have more than once pointed out, is occupied by several ‘parallel 
zones of rock, individualized by well-marked petrographical and 
palxontological peculiarities, and traceable longitudinally through 
the area from the Braehill fault on the west to the Old Red Sand- 
stone of the Hadyard Hills on the east. 

In the complete transverse section ot these strata afforded by the 
gorge of Penwhapple to the south of the old castle of Penkill (fig. 28) 
we find the beds of the soft crumpled mudstones of the M.-Sedqwicku 
zone crushed suddenly against a group of massive gritstones and 
flags to the north. The first beds of this new group weather of 
a yellow tinge, and vary from 2 to 4 feet in thickness. In- 
teriorly they are of a pale bluish-white colour, agreeing in this 
respect precisely with the thick-bedded gritstones of Saugh Hill. 
The massive grits immediately above hs M. -Sedqwickia zone 
are almost perpendicular, and the line of contact, in which the 
crushed and contorted mudstones and shales of the latter are sud- 
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Fig. 28.—Section of the Lower Portion of Penwhapple Glen. 
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green shales and mudstones, with Crossopodia scotica, 
Monograptus galaensis, &e. 
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denly succeeded by the gritstones, has all the appearance of a fault. 
The gritstone zone extends down the burn for a distance of about 
60 or 70 yards. Its beds are all much convulsed and disturbed, so 
that no reliable estimate can be formed of their thickness. They 
are quite barren in their central portions ; but in their lower beds, in 
the neighbourhood of the M.-Sedgwichw band, their weathered edges 
are crowded with casts of Rhynchonella, associated with rarer ex- 
amples of Orthis and Strophomena. 

These thick-bedded yellow Rhynchonella-grits are followed by a 
group of calcareous flagstones which have an apparent thickness of 
about 50 feet. Their more southerly beds are much shattered, but 
the terminal zones dip steadily to the southward at an angle of from 
60° to 79°. <A beautifully complete section of these beds is afforded 
by the cliffs on the right side of the gorge. ; 

The lower or southerly beds are nodular, but they contain no 
fossils ; but the upper beds, which are so highly calcareous that they 
may be regarded as impure limestones, are many of them a mass of 
corals and shells. 

The genus Lindstremia or Petraia occurs in myriads, in asso- 
ciation with Pentamerus, Atrypa, and Strophomena, buried in a 
rock of extraordinary toughness and compactness under the hammer. 

The terminal seams are blue shales, strongly calcareous, the irre- 
gular lamin of which are covered with trails and markings of 
Annelida. In these shales fossils are less plentiful than in the 
limestone flags, but they are more easily extracted and more com- 
pletely preserved. 

Here we find the usual Upper Girvan fossils :— 


Encrinurus punctatus. Halysites catenulatus. 
variolaris. Atrypa hemisphzrica. 

Bronteus Brongniarti. reticularis. 

Ilenus Thomsoni, &e. Pentamerus oblongus. 


This highly fossiliferous zone I denominate the Penkill or Cam- 
regan limestone, after the localities where its fossils have been most 
carefully studied, and which will be presently noticed more parti- 
cularly. 

In this typical locality in Penwhapple Glen, this Camregan lime- 
stone is succeeded to the northward by a zone of purple and green 
mudstones of about the same thickness as the limestone zone below 
it. These mudstones contain merely a few Annelid-markings 
throughout their entire vertical extent, except in one thin seam of 
dark carbonaceous shales near their centre, about a foot and a half in 
total thickness. 

This carbonaceous seam may be followed by the eye across the 
stream from the east to the west bank of the gorge, and thence up 
the course of a small runnel descending the steep slope to the left, 
where its lamin are laid open and may be studied in situ. It here 
contains an abundance of fairly preserved Graptolithina, together 
with occasional examples of Phyllopodous Crustacea. From these 
beds I have collected, among other forms :— 


PROF. C. LAPWORTH ON THE GIRVAN SUCCESSION. 647 


Rastrites maximus, Carr. Monograptus runcinatus, Lapw. 
Monograptus turriculatus, Barr. Diplograptus palmeus, Barr. 
crassus, Lapw. Peltocaris aptychoides, Sai¢. 


—— Hisingeri, Carr. 


These Rastrites-maximus mudstones pass upwards into a group of 
massive yellow gritstones very similar, in their petrological cha- 
racters, to those which succeed to the M.-Sedgwickii zone. They 
resemble these beds most especially in their pale blue matrix, and in 
containing a notable proportion of calcareous matter, but differ from 
them in the absence of the fine seams of pebbles and in the total 
want of organic remains. About 60 feet of these pale yellow grit- 
stones are here exposed, and form the final member of this first or 
Camregan group, the purple sandstones and shales which follow 
belonging more naturally to the overlying and succeeding Crosso- 
podia- or Purple Shale formation. 

Extension of Camregan Beds to the East of Penwhapple Glen.— 
This marked group of fossiliferous gritstones, calcareous flag- 
stones, and Graptolitiferous shales is traceable up the left side of 
the stream into the wood of Camregan, where the shell-bearing 
gritstones are laid open in several quarries near the northern edge 
of the wood. Here these grits are softer and looser in texture than 
in the burn itself, and their fossils are procurable with comparative 
ease. They are crowded with casts of Brachiopoda, which are so 
abundant in certain seams as irresistibly to recall to mind the won- 
derfully prolific shelly sandstones of Mulloch Hill, on the north of 
the Girvan valley. The beds, too, have the same coarse sandy 
texture, calcareous and gritty composition, and more or less flaggy 
fracture. 

It is this locality which gives its name to the band, as it is the 
only spot upon its entire course through the Girvan district where 
it is possible to find a local name geographically significant of the 
group, and at the same time sufficiently definite in its application to 
prevent ambiguity. The commonest fossils I have collected here 
are :— 


Rhynchonella llandoveriana. Tentaculites ornatus. 
Atrypa hemisphezrica. Encrinurus punctatus. 


I am not able to refer these beds to their exact horizon in the 
section of the Camregan group as exhibited in the gorge of Pen- 
whapple; but I suspect that they belong generally to the gritty flags 
with Rhynchonelta, found in contact with the Monograptus-Sedqwickit 
zone. 

In the continuation of the same line of strike to the eastward 
beyond the limits of the wood we find a small section of the Cam- 
regan beds at the head of a small burn running down the hill-slope 
to the west of the fence. Here only a few fleggy grits and shales 
are seen; but they contain the usual types of the Camregan lime- 
stone, such as :—- 


Encrinurus punctatus. Rhynchonella. 
Atrypa hemispheerica. Pentamerus oblongus. 
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The beds are much shattered, and their relations to the purple 
mudstones of the succeeding zone to the southward are somewhat 
obscure, and are in all probability indicative of the presence of a 
line of fault at the point. 

For the next half-mile the beds of the calcareous Camregan zone 
are obscured by drift and vegetation ; but a few yards to the west of 
the boundary-line between the Killochan and Bargany estates they 
are exhibited in several small excavations at the head of Cuddy- 
stone Burn. These hollows show only the more shaly beds of the 
series, but these are abundantly fossiliferous. They contain the 
usual forms of Rhynchonella, Atrypa, and Encrinurus, frequently in 
an excellent state of preservation. 

In the burn-course below, and amid the surrounding patches of 
heather and long grass, evidences of the presence of the remaining 
fossiliferous beds of the Camregan group are found in the form of 
angular blocks of yellow gritstone and fine conglomerate, filled with 
Pentamerus oblongus, and the characteristic hard calcareous flaggy 
beds, crowded with Petraia or Lindstremia. 

This is the final exposure of strata of the Camregan band in this 
direction, for a few yards to the west it must be cut out by the 
ereat Braehill fault; but blocks of the coralline flags and Penta- 
merus-gritstone are found at intervals in the drift down the entire 
course of Cuddystone Burn, and are frequent in the débris collected 
off the neighbouring fields. 

Sections West of Penwhapple Gilen.—From our typical section in 
Penwhapple Glen the strata of the Camregan grits mount the east 
cliffs of the glen, and, crossing the Tralorg road, are shown again 
in the course of the southern arm of the Penkill Burn. Here only 
‘a few feet of the calcareous zone and the overlying yellow grits are 
exposed; but the limestone beds are so convenient of access that 
they have been long and successfully worked by collectors, and have 
afforded, especially to the extended and enthusiastic researches of 
Mrs. Gray, a large suite of fossils of all groups. 

In addition to the usual Pentameri, Rhynchonellide, &e., we 
find :— 


Bronteus Brongniarti, Bar. Strophomena applanata. 
Cheirurus trispinosus, Wyv.- Th. antiquata. 
Encrinurus variolaris, Brongn. Phragmoceras compressum. 


and a host of other well-known and typical Silurian forms. Indeed 
this little spot may well be defined as the typical fossil-bearing 
exposure of the Camregan Limestone. 

For the next two miles the strata of this zone are hidden below 
the grass-clad surface of the hills; but in the exact continuation of 
the line of strike we find an excellent exposure of its fossil-bearing 
shaly beds in a branch of the Bargany Burn, near the western base of 
the Hadyard Hills. At this spot we discover the shaly strata which 
occur at the junction of the Camregan Limestone and the fossi- 
liferous zone of purple mudstones. 

The grey flaggy shales to the south afford an abundance of casts 


14> —~ 


PROF. C. LAPWORTH ON THE GIRVAN SUCCESSION. 649 


of shells of Atrypa reticularis and Strophomena, and the dark-striped 
shales to the north well-preserved specimens of 


Rastrites maximus, Carr. Monograptus Hisingeri, Barr. 
Monograptus crassus, Lapw. Diplograptus palmeus, Barr. 
turriculatus, Barr. Peltocaris aptychoides, Saiz. 


Here the strata of this zone make their final appearance in the 
Girvan region, being buried from sight a few yards to the eastward 
by the unconformably overlying Old Red Sandstone of Maxwellston 
Hill. 

I regard this Camregan zone, which has formed our chief horizon 
of reference among the complicated group of Graptolitic shales 
and flags, conglomerates, gritstones, and calcareous rocks developed 
in Penwhapple Glen, Saugh Hill, and upon the outer edges of the 
coast-platform near Woodland, as forming the final member of 
the Third Serves of rock-formations into which the Girvan succes- 
sion is most naturally divided. This series, which commences 
with the Maulloch-Hill conglomerate, and terminates with the 
upper grit bands of these Camregan beds, is nowhere completely 
exhibited from base to summit in continuous section in the Girvan 
region; and the order of its sediments is only approximately de- 
termined by the careful piecing together of the disjointed frag- 
ments of the sequence found in several scattered localities. Never- 
theless I trust that I have shown that, even from the physical 
point of view, a sufficiency of evidence is at our command to make 
it clear that the order of succession here adopted is in all proba- 
bility generally identical with that which obtained among these beds 
previous to their disruption. 

The irregularly scattered distribution of the rocks of this division 
makes it difficult to suggest a collective title for the whole group 
that shall be sufficiently comprehensive, and at the same time of 
definite local value. In the northern inlier in the neighbourhood of 
the farm of Newlands, the lower half only of the group is exposed. 
The basal beds, again, are wholly missing from the South Girvan 
plateau. But the relation of the group as a whole to the underlying 
formations is best displayed in the Newlands area, within which 
are also developed all the different lithological varieties of its strata, 
together with several distinct groups of its fossils. Hence it will be 
most convenient to distinguish it by the title of the Newlands Series. 

The strata of this Newlands Series consist of massive beds of 
shelly sandstones or barren gritstones, occasionally passing into 
coarse conglomerates and boulder-beds, and alternating with thick 
zones of grey, green, and black Graptolitic shales. 

A striking peculiarity of the coarse beds of this group is their 
property of weathering to a buff or yellow colour under the action 
of the weather. In the matter of fossils this group is altogether 
the most prolific in the Girvan succession. 

The order of sequence of the Newlands Series is given in the 
following scheme, in ascending order :— 


Q.J.G.8. No. 152. 2x 
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Generalized Section of the Newlands Series. 
ft. ( 1. Mulloch-Hill Conglomerate. 
(a) Mulloch-Hill Group...... 3754 2. Rough-Neuk Grits. 
3. Glenwells Shales. 
. (a) Woodland Limestone, Conglome- 
(b) Saugh-Hill Group ...... ‘200 rate, and Shales. 
| (6) Saugh-Hill Grits and Flags. 


M.-Sedgwickii Beds. 
1. Grey Shales, barren of fossils. 
2. Black Mudstones with Grap- 
tolites. 


| 1. Rhynchonella-Grits. 


(c) Camregan Group ....0.... 200 | 2. Upper Hentoneresl aaa and 


3. Yellow Gritstones and Flags. 


(6) Flagstones and Shales of Bargany and Stratton. 


The Lower Paleozoic strata of the Girvan region which yet re- 
main to be described form a narrow strip of country about ten miles 
in length, stretching from the banks of Penwhapple Burn, between 
Penkill and Old Dailly, past the village of New Dailly and the heights 
of Kilkerran, to the village of Straiton upon the Water of Girvan to 
the south of Maybole. 

Along this line the northern edge of the continuous upland pla- 
teau of Saugh Hill and the Hadyard Hills plunges suddenly down- 
wards into the lowlying district of the Girvan valley in a long 
straight slope of singular steepness. To the west of Penwhapple 
Glen this steep slope forms a most prominent feature in the land- 
scape, its upper margin presenting a series of rocky points, several 
exceeding 1000 feet in elevation, which mark the outer edge of the 
Old Red Sandstone terrace of Garleffin, and its lower portions merging 
imperceptibly into the maze of parks and woodlands that give such 
a forest-like aspect to the fertile valley of the Girvan. 

The prime cause of this abrupt physical feature is undoubtedly 
the presence of the great Braehill fault, which runs along the edge of 
the slope from end to end, throwing down the Carboniferous of the 
Girvan valley against the Silurian rocks to the south. Throughout 
the whole ofeits range this is actually a downthrow to the north- 
ward, It is essentially a strike-fault, running almost parallel with 
the average trend of the Paleozoic rocks, but by no means confined 
to a single horizon either in the Silurian or the Carboniferous, but 
truncating the strata of both at a very acute angle. 

At its eastern end, within the present district, near Penwhapple, 
this fault is situated at the base of the steep slope already referred 
to, and brings into abrupt collocation some of the highest rocks of 
the Silurian of the Penwhapple, and a zone comparatively high in 
the Upper Old Red Sandstone. The overlying zones of the 
Lower Carboniferous emerge one by one till, finally, near the 
head of Lady Burn, above Kilkerran, the base of the Carboniferous 
is exposed, and the unconformably underlying Silurian rocks begin 
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to appear on the northern side of the fault, and they retain this 
position till we reach the point where the fault passes to the east- 
ward beyond the limits of the region under description. These 
underlying Silurian strata, being less susceptible of erosion than 
the neighbouring Carboniferous beds, form the outer edge of the 
bounding slope of the plateau; and the Braehill fault gradually 
mounts higher and higher upon the slope as we pass to the eastward 
till, finally, for the last four miles of its course, near Straiton, it 
runs almost along the summit. 

The band of Silurian rocks found in this district between the 
Old Red Sandstone of the Hadyard Hills and the Carboniferous of 
the Girvan valley rarely exceeds half a mile in width ; and through- 
out much of its extent is even less than one fourth of a mile in 
breadth, while in some spots it seems to vanish altogether. It 
attains its greatest diameter to the west, along the line of Pen- 
whapple Glen, where its strata are seen following in unbroken 
sequence upon the yellow Pentamerus-gritstones of Camregan and 
Penkill. 

The strata which floor the whole of this narrow band of country 
consist of thin-bedded flagstones and shales, with seams of hard, 
but essentially flag-lke grits distributed irregularly throughout the 
succession. If we make exception of the local development of certain 
brilliant-coloured bands, it may be said that the more prominent 
petrological characters of these strata are essentially the same every- 
where throughout the area; and even upon a first examination the 
stratigraphist instinctively assigns them all to a single and connected 
series. rom the three rock-series already defined this new series 
is distinguishable, not only by its petrological characters, but also 
by the general absence of organic remains, the few fossils it has 
afforded being restricted to half a dozen widely separated seams, 
each of a few inches in thickness. 

The geographical distribution of this series of grey flagstones and 
shales admits of being most satisfactorily described, as they present 
themselves in :— 


(1) The lower portion of the gorge of Penwhapple Glen above 
Old Dailly ; 

(2) The steep north slope of the Hadyard Hills above New 
Dailly ; 

(3) The eastern or Straiton area north of the Bargany fault ; 


and the entire series is most naturally and conveniently designated 
by the general title of the Dadlly Series, after the name of the parish 
in which its strata are most fully laid open for study, and where they 
attain their widest geographical extension in the Girvan region. 

1. Section of Lower Portion of Penwhapple Glen (see fig. 28, 
p. 645).—The third zone of yellow gritstone, which forms the summit 
of the Pentwmerus-bearing Camregan beds of Penwhapple Glen, is at 
once succeeded by a group of strata altogether more unique in their 
petrological features than any we have hitherto studied on the banks 
of the glen. They consist of beds of purple and green shale of great 

2x 2 
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thickness, the purple strata distinctly predominating, occasionally 
passing on the one hand into soft mudstones almost destitute of 
definite lamination, and on the other into flagstones of great thick- 
ness. ‘They continue down the stream from the line of Pentamerus- 
gritstone to the final crook of the burn below the farmhouse of 
Penkill, where they are succeeded by a very distinct group of pale 
grey flagstones. 

The strata lying between these limits must be assigned on petro- 
logical grounds to one and the same group or subordinate forma- 
ation, and will be referred to as the Penkill Beds. The section of 
these beds here displayed appears to be continuous. It is about 
500 yards in length, and the total thickness of the strata exposed 
may be estimated at about 1000 feet. 

(Da*) Crossopodia Beds or Purple Shales.—For the first 150 yards 
the strata of the Penkill Beds consist of finely laminated shales of a 
deep purple colour, only occasionally interrupted by narrow seams 
of green or grey. On a few horizons, however, the purple and green 
shales are arranged in alternating bands of colour of an inch or two 
in thickness, forming a peculiar striped rock of remarkable appear- 
ance. ‘These purple shales are magnificently exposed at this locality, 
and not only in the bed of the stream itself, but in the steep wooded 
cliffs on both sides of the gorge; and there is little appearance of 
contortion or repetition among them. 

They are crowded along many horizons with multitudes of worm- 
tracks and so-called Annelid-trails; in some spots near the 
southern end of the exposure every lamina is a perfect maze of these 
imperfectly studied markings. The commonest and most charac- 
teristic is M‘Coy’s Crossopodia scotica; and the less conspicuous 
species are :— 

Nemertites tenuis, M‘Coy. Nereites cambrensis, M‘Coy. 
Nereites Sedgwickii, M‘ Coy. 


Graptolites occur also in the greatest variety in a few seams of 
slightly carbonaceous shales, discernible with difficulty on several 
horizons in the succession; they are mere laminz, and the Grap- 
tolites themselves are poorly preserved. The forms collected by 
myself include :— 

Rastrites distans, Lapw. 


Diplograptus, sp. 
Retiolites obesus, Lapw. 


Monograptus exiguus, Nich. 
— Beckii, Barr. 
galaensis, Lapw. 


(Da’) Protovirgularia Flags and Grits—These purple shales are 
succeeded in the section by an equal thickness of flaggy beds of a 
ereylsh-green colour, about two inches in thickness, which alternate 
with green and purple shales, identical with those of the preceding 
subgroup, and forming a well-marked division of this formation, 
exactly intermediate in petrological features and geographical position 
between the purple shales below and the division next to be described. 
They contain a few of the usual Annelids, together with rare ex- 
amples of the characteristic Monograptus exiguus, Nich., found in a 
small stream near the northern extremity of the section of these beds. 
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These flaggy or ribbed shales are followed to the northward by a 
mass of well-bedded greywackes, which are seen to perfection at 
the foot of Penkill Burn, below the old castle. Their most southerly 
beds consist of greywackes from two to three feet in thickness. All 
the middle and main mass of the zone are flagstones or flaggy 
greywackes, frequently less than a foot in thickness, with an occa- 
sional seam of shale. The final band is a pale grey calcareous grey- 
wacke, forming a solid mass several feet in thickness. Fossils are 
rare. Those known are of the same species of Graptolites as those 
enumerated from the preceding division; they occur in an insignifi- 
cant, highly carbonaceous seam overlying the highest greywacke bed. 

(Da*) Cyrtograptus-Grayi Mudstones——The fourth and final divi- 
sion of the Penkill Beds is a mass of soft purple and green mudstones. 
They are very imperfectly seen in their more southerly beds, between 
the foot of Penkill Burn and the crook of Penwhapple; but their 
terminal zone is well exhibited at the latter locality. The purple 
mudstones are here capped by thin seams of graptolitic and more or 
less calcareous shales, which are easily studied in the south bank, at 
the right angle of the burn at this spot, and in the bed of the stream 
itself at the western angle. ‘The fossils they afford occur in a most 
exquisite state of preservation, the Graptolites being frequently pre- 
served with their full relief. Here occur 


Retiolites Geinitzianus, Barr. Cyrtograptus Grayi, Lapw. 
Monograptus priodon, Bronn. Cardiola fibrosa, Sow. 
var. Flemingii, Salz. Acidaspis Brightii, &c., Murch. 


together with a few examples of Brachiopoda and Crustacea. 

The remaining rocks of this locality belong to the distinct Bar- 
gany beds, and will be noticed in detail when we come to speak of 
the strata to the eastward. 

This completes the description of the Purple-shale and Flagstone 
group as seen in Penwhapple Glen. ‘The section here must be 
regarded as typical. ‘The old castle of Penkill, the seat of the Boyd 
family, is built upun these rocks, above the cliffs of Penwhapple, about 
the centre of the group. It is therefore entitled the Penkill group, 
and is regarded as being composed of the following divisions :— 


Penkill i (4) Penkill mudstones or Priodon ( Gray7)-beds. 
PEASE (3) Penkill greywackes. La ; 
( Crossopodia-) 12 Ponleill aes Protovirgularia-beds. 
i D . 


Group. (1) Penkill or Purple shales (Crossopodia-beds). 


Geographical Extension of the Penkill Beds——The broad band of 
purple and grey strata formed by the beds of the Penkill group is 
traceable for some distance both east and west of the typical section 
in Penwhapple Glen. A tolerably continuous section across many 
of the beds of the group is seen in the course of the small burns 
which descend the northern slope of Camregan Hill, immediately 
west of the plantation, while scattered exposures are seen in occa- 
sional quarries in the wood itself. In all these localities we find an 
abundance of the characteristic Annelid-trails &c. 
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On the east of the glen, the little stream which crosses the line of 
the Camregan limestone upon the Assel road, and falls into the 
Penwhapple below Penkill Castle, affords an excellent confirmatory 
section of the Crossopodia-shales. Some of the beds of the higher 
‘greywacke zone are laid open in quarries about half a mile north-east 
of the Castle, where those beds present identical characters with their 
counterparts in Penwhapple, and afford a few examples of Annelid- 
trails and the enigmatical fossil Protovirgularia. 


The Burn of Bargany, yet further’'to the east, crosses the band 


almost at right angles to its course ; but only a few poor sections are 
exposed along it. Such as these are, however, they are sufficient to 
prove that the group retains the same sequence and thickness as in 
our typical section. 

A few yards west of this burn these strata are unconformably 
overlain by the Old Red Sandstone. beds of the Maxwellston Hills. 

2. Sections south of Bargany.—The sections we have next to notice 
are found in the steep slopes which overlook the beautifully wooded 
lands of Bargany House, and occur at scattered intervals in that 
long strip of Silurian lying between Penwhapple Glen and the Burn 
of Lindsay’s town, about four miles to the eastward. The rocks 
which occupy this subarea are all very similar in their external 
features, consisting of (a) grey and green flagstones and occasional 
greywackes, with dividing seams of shales, and (6) thick zones of 
ribbed shales, arranged in alternating hard and soft bands of an inch 
or two in thickness. They all dip, as a rule, at a steep angle to the 
southward, as if passing below the zone of the Penkill shales last 
described ; but here, as in Penwhapple Glen, this apparent dip is 
delusive, the strata being inverted in geological position. 

Near the foot of Penwhapple Glen the most southerly beds of the 
Bargany flagstones are seen in the bed and banks of the stream, 
succeeding and apparently overlying the fossiliferous ‘‘ Cyrtograptus- 
Grayi band” with perfect regularity. They consist of grey flags 
varying from six inches to a foot and half in thickness, and are 
divided from each other by similar thicknesses of grey and green 
shales. When split open, the matrix of the generality of the beds 
is seen to be finely levigated and of a peculiar palish blue or 
greyish-green tint, a feature which distinguishes more or less all 
the beds seen in the Bargany area. The harder flags are frequently 
filled with closely approximately transverse fractures and joints, 
which allows of their weathering into a multitude of long angular 
prisms, the outerends of which are concident with the base and summit 
of the flaggy bed out of which they are formed. These beds fill up 
the final 300 yards of space which intervene between the C.-Grayt 
band and the great Bargany fault to the north, where the Lower 
Paleozoic rocks are brought into contact with the greenish-grey 
sandstones of the Old Red Sandstone of the Girvan valley. These 
Bargany flags are here totally barren; their visible thickness may 
be estimated at 300 feet. 

A tolerably continuous section of the same flaggy series is seen in 
the course of Bargany Burn, about a mile and half to the eastward 
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of this spot. The purple mudstones of the “ C.-Grayi bed” which 
caps the Penkill-shale group of that locality are succeeded to the 
northward by scattered exposures of pale jointed flagstone with 
shale-partings, identical with the flagstones of Penwhapple Glen- 
foot. These Glenfoot flags extend down the stream for a distance 
of about 200 yards, and agree therefore in collective thickness with 
their counterparts of the glen. 

Between them and the great Bargany fault to the northward, 
which is shown in a section of great interest in Blackwood Head 
coppice, is found an equal thickness of grey, flaggy shales or muddy 
flagstones. Many of these have the same pale-coloured interior as 
the Glenfoot beds; but they are altogether a more finely laminated 
group, showing no actual greywacke zones at this spot, but only 
occasional harder ribs. They are beautifully shown in the cliffs of 
the little glen dug out by the burn, at the waterfall near the Bargany 
fault, where they are seen in contact with the Carboniferous of the 
Girvan valley. They are frequently striped with faint lines of car- 
bonaceous matter, suggestive of the presence of Graptolites, a few of 
which are obtainable at this spot, such as 


~ Monograptus acus, Lapw. | Monograptus priodon, Bronn. 


The next stream-course to the eastward, which excavates a small 
gorge on the opposite side of the wood, presents us with a section of 
parts of the Glenfoot flags and these shalier Blackwood-Head beds. 
The Glenfoot beds exposed are especially interesting, as they are 
higher in the group than the majority of those we have studied in 
Penwhapple Glen. The final band is seen to contain several seams of 
sandy greywacke of a pale purplish colour, while the intermediate 
shales have a peculiar greyish-green or, as it were, washed-out tint, 
and a dull flaky surface, which is new among the beds hitherto met 
with in the Girvan succession. 

The lowest ribbed shales of the Blackwood-Head beds are shown in 
two fine quarries, and form a most conspicuous assemblage of about 
150 feet of dull greyish-brown rocks in beds of about 2 inches in 
thickness. 

A few feet of the higher striped shales are seen to the northward, 
close to the line of fault. 

In the small hollow of the Lime Glen, three fourths of a mile 
further to the eastward, the pale-hearted finely levigated sandstone 
flags of Blackwood-Head occur in a broken section in the neighbour- 
hood of the Bargany fault. So far as can be made out upon the 
ground, they here consist of three distinct lithological seams, viz. 


(c) Yellow-weathering mudstone flags, pale-hearted, white 
or bluish grey. 

(6) Yellow-weathering mudstone flags with stripes of 
carbonaceous matter. 

(a) Pale-green ribbed shales and mudstones. 


The white-hearted mudstone flags (c) are seen also in Currah Glen. 
In some neglected quarries below the rugged cliff to the south-west 
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of the farm-house of Craig, fine greenish-grey shales are exposed, not 
unlike those of the quarries east of Blackwood Head; but the latter 
lie at the northern limits of the Blackwood beds, while these Craig 
shales, if the strike of the beds is to be trusted, lie on the oppo- 
site or southern side of the band. 

No further exposure of any moment is seen in this direction till 
we cross the supposed line of the Braehill fault on the Bargany Hill, 
and enter upon the Straiton band of Silurian strata, which, near 
Blair Farm, emerges from below the Carboniferous rocks of that 
district. 

3. Blair Farm and Drumyork.—The Silurian strata are laid open 
in many sections in the course of the Lady Burn above Kilkerran 
House, near Drumyork, and in the grassy mounds around the farm- 
house of Blair. The disposition of the strata at this locality will be 
evident on a study of the accompanying section (fig. 29), 


Fig. 29.—Section of the Grey Flags and Shales of Blair and 
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D. Dailly Series. 
Db. Straiton beds. 
(5) Blair shales and flags, with Cardiola, Ceratiocaris, Retiolites, 
and Monograptus vomerinus. 
(a) Drumyork flags, olive-green, non-fossiliferous. 


What are considered to be the lowest beds are seen in the stream- 
course close to the Bargany fault above Drumyork. They 
consist of olive-green flags and shales, much jointed and con- 
torted, crushed abruptly against the Old Red Sandstone rocks to the 
south. 

These beds are succeeded by flaggy shales with occasional ribs of 
flagstone, weathering often of a dull yellowish tint, some striped 
with lines of carbonaceous shales, others of a cold olive-green colour, 
more or less calcareous, and with rough harsh flaky surface. These 
are exhibited in many natural and artificial openings on the south 
side of the hill-road between Drumyork and Blair Farm. In a quarry 
about-a hundred yards east of the farmsteading they afford in great 
abundance the characteristic fossil Monograptus vomerinus, Nich., 
and less commonly the following species :— 

Beyrichia Kledeni, M‘Coy. , Cardiola fibrosa, Sow. 


Orthoceras subundulatum, Port]. ; Bellerophon wenlockensis, Sow. 
Retiolites Geinitzianus, Barr. | Cyrtograptus, sp. 


ar iam .. 
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Between these beds and the southern margin of the overlapping 
strata of the Lower Carboniferous to the north, beds of flagstone, 
varying from a foot to a few inches in thickness, and separated by 
seams of striped blue and grey shales, are seen at several spots in the 
Lady Burn ; they are occasionally fossiliferous, affording 

Cyrtoceras, sp. | Monograptus vomerinus, Nich. 
Orthoceras subundulatum, Pordl. Flemingii, Saiz. 

It is doubtful if any of these beds actually belong to the Bargany 
group of the area last described, though they greatly remind us of 
the strata of that group in their general features. They clearly 
belong both physically and geologically, however, to the same 
general series as the Bargany beds, possibly following them in the 
natural order of succession. 


Fig. 30.—General Section of the Silurian beds of Knockgardner 
and Straiton. 
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D. Dailly Series. 
Db. Straiton beds. 
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flags). 


4. Knockgardner and Straiton (fig. 30).—The flaggy strata of the 
three subzones of the Blair beds range from this point eastward to 
the village of Straiton, a distance of at least 35 miles, running 
strictly parallel with the Barg gany fault to the southward. In the 
course of a small stream descending the north slope of Benan Hill,a 
mile south-west of Straiton, the cold. olive-green flags of Drumyork are 
again seen in contact with the Old Red Sandstone. The more finely 
laminated strata of Blair Farm are exposed in quarries at the farm- 
steading of Knockgardner, where they are crowded with Beyrichia 
Kledeni, M‘Coy, and yield a few scattered examples of characteristic 
Blair fossils, Péerinea plewroptera, Conr., Orthonota truncata, Conr., 
&c., and indeterminate species of Cyrtograptus and Monograptus. 

The same beds are seen further east in the banks of the Cawin 
Burn. Of the most northerly or highest (?) zone of the Blair beds, 
only a short section is seen in the streams running down the peaty 
region north of Shaw’s Knowes. 
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West of the village of Straiton the terminal beds of this flagey 
zone are succeeded in the hillocks south of the roadside by a most 
peculiar set of strata, consisting of purple and grey conglomeratic 
greywacke and flagstone, of great hardness and toughness. The 
matrix of the chief grit or conglomerate band is purple, and is 
more or less sandy in character, reminding us of the red conglo- 
merate at the base of the Mulloch-Hill Sandstone. It is interbedded 
with blue mudstones and olive-green flaggy shales. These beds are 
all wholly destitute of fossils, but form together a most distinctive 
physical assemblage. 

The same zone of purple flagstone and conglomerate is found in 
precisely the same stratigraphical position along the line of strike 
two miles to the westward, where it is shown in some old quarries 
near the roadway between Knockgardner and Kirkbride. 

At both these localities this Straiton gritstone band is followed 
unconformably by the overlying Carboniferous rocks of the Girvan 
valley, thus forming the outer and final member of the entire 
Lower Paleozoic series of this region. ‘To the west of Straiton itself 
the southern margin of the Carboniferous rocks creeps down upon 
the Bargany fault, and the Silurian is finally buried from sight by 
the unconformably overlying strata of Upper Paleozoic age. 

It is evident from the foregoing descriptions that the whole of the 
strata found in the long strip of Silurian country extending from the 
Braehill near Girvan to the village of Straiton, and forming the 
northern slope of the plateau lying to the south of Girvan valley, 
belong to one and the same general physical series. To this series, 
which we term the Dailly Series, after the parish in which its strata 
are most perfectly developed in this region, must clearly be as- 
signed the highest place among the four natural divisions of the 
Girvan succession, for it follows the third or Newlands division in 
the geographical order of the deposits of the region, and graduates 
therefrom in its lithological characters. Its strata dip either perpen- 
dicularly or at steep angles to the southward, as if to pass under this 
third or Newlands series. But not only is their superiority in strati- 
graphical position to be inferred from the fact already demonstrated 
that the strata north of the Knockgerran fault are generally inverted, 
but it is placed wholly beyond question by the evidence of the fossils. 
This inversion, then, being admitted for the series as a whole, it 1s to be 
expected that there is actually to be found an ascending order among 
the beds as we depart northward from the Camregan grits, which 
form the highest band of the Saugh-Hill series in the direction of the 
Bargany fault and the unconformably overlying Carboniferous. We 
have seen that there can be no dislocation of importance in any of 
the sections capable of study, the beds following each other with 
great regularity in parallel zones, which graduate almost insensibly 
the one into the other. Reserving therefore the paleontological 
arguments in support of these views to the succeeding part of this 
memoir, we are justified in the presumption that the Dailly Series 
consists of the following groups in descending order :-— 
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Generalized Section of the Darlly Serves. 


( ; Straiton Grits and Conglomerate. 
| ce ts Be {Bis Shales Crema tyads). 
| = ‘ Drumyork olive-coloured Flags. 
Upper Dailly. + 
Dailly 
Series, Bargany beds, ) Blackwood Flags. 
2600. * 700 ft. | Glenfoot Flags and Shales. 
feet 


Cyrtograptus-Gray?t maudstones. 
Roree Dail { Penkill beds, Penkill Greywackes. 
ee 1000 ft. Protoviryularia-flags. 

{ Crossopodia- or Purple Shales. 


(F) Summary oF THE FOREGOING EvipEeNcEs AND CoNcLUsIONS 
RESPECTING THE STRATIGRAPHY OF THE GIRVAN SUCCESSION. 


‘(1) In the foregoing pages I have laid before the reader all the more 
important data obtainable in the geographical area under examination 
which bear upon the main question of the natural order of the 
Lower Paleozoic rocks of the Girvan region. The original arrange- 
ment of the beds themselves has been so frequently interrupted by 
profound dislocations, and has-been rendered so dubious locally by 
perplexing folds and inversions, that the task of reducing them to 
their natural order has been one of far more than ordinary difficulty. 
But so well are the several subformations in the collective series 
individualized by distinct petrological features, that the field-geologist 
has generally little hesitation in recognizing their entangled or dis- 
located fragments ataglance. At the same time also the foldings and 
inversions of the strata prevail only in certain definite geographical 
subareas, where they can usually be ultimately detected and allowed 
for. Finally, the greater faults are, as a rule, by no means difficult 
of localization, owing to the fact that they bring into abrupt and 
unnatural collocation upon the ground strata very distinct in their 
lithological and paleontological features. 

Nevertheless the complexities and difficulties of the stratigraphy 
of the fossiliferous rocks of the Girvan region are so great that the 
solution of the problem of their natural sequence has been only 
arrived at by the accumulation of an excessive amount of evidence 
collected in the field. This evidence, however, is now so full, and so 
conclusive, that there can be no longer any doubt of the natural 
petrological subdivisions of the strata of the Girvan rocks, or of their 
true positions in the ascending succession. 

(2) The physical evidence, as developed in the preceding pages, 
in support of our conclusions may be summarized as follows :— 

(i) Selecting the remarkable Benan-Hill Conglomerate as our 
primary horizon of reference, we discover that it is merely the 
central member of a series (the Barr Series) of boulder-beds and 
conglomerates, with intercalary zones of limestone and fossiliferous 
shales. ‘This series exhibits proofs of the most perfect conformity 
from base to summit, and its various members admit of minute and 
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Fig. 31.—Detailed Vertical Section of the Strata of the Girvan Succession. 
(Scale 1 inch=480 feet.) 
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Coarse purple and grey grits and conglomerates, non- 
fossiliferous. 


Flaggy shales, with Beyrichia Klaedeni &c. | 
Grey flags and pale green flaky shales.—Wonograptus 


vomerinus, Cardiola, &e. 


Olive-green flags and shales, non-fossiliferous. 


Pale -yellow and blue and grey flagstones, with thick 
zones of pale green and ribbed shales.—Monograptus| 
acus &c. | 


Pale blue and grey thick-bedded flagstones, with many | 
zones of pale grey and buff weathering shale. 


Purple mudstones, with calcareous seams.—Monograp-| 
tus priodon, Cyrtograptus Grayi, Retiolites Geinitzi- 
anus, &e. 


Thick-bedded green and grey grits, with Annelides and | 
Protovirgularia, Monograptus galaensis. 


Alternations of grey and green flagstones and shales.— 
Monograptus exiguus. 


Purple shales and mudstones, with Crossopodia scotica, 
Nemertites tenuis, &c. 


Thick-ledded yellow grits, purple and grey mudstones, 
and a band of impure limestone.—Aastrites maxi- 
mus, Pentamerus oblongus, &c. 


Black carbonaceous mudstones, with -Vonograptus 
Sedgwickui, Rastrites maximus, &ce. 


Coarse yellow flaggy sandstones, quartz conglomerates, 
and pale grey flags. 


Black and striped Graptolitic shales, with Diplograptus 
modestus; limestone with Stricklandinia lens; and | 
zone of boulder-conglomerate. 


Pale blue shales and mudstones, with Ptilograptus. 


Red, grey, and yellow sandstones, with partings of 
sandy shales, crowded with Brachiopoda, MJeristella | 
angustifrons, Atrypa hemispherica, &c. 


Purple boulder-conglomerate. | 
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| Fig. 31 (continued). 


ROUP, 200 ft. === ————-|Dark grey mudstones, with occasional flaggy bands, 
oo ; with Trinucleus Bucklandi, Ampyz rostratus. 
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complete investigation in the field. This Barr Series includes the 
well-known Craighead or Stinchar Limestone as a subordinate 
member near its base, where it is divided from the underlying 
Ballantrae rocks by a calcareous conglomerate and breccia of 
irregular thickness. 

(ii) The tumultuous Barr Series is everywhere conformably sur- 
mounted, in the sections of the Girvan region, by a second series 
(the Ardmillan Series), composed throughout of Graptolitic flag- 
stones and shales, which nevertheless arrange themselves naturally 
in several distinct subformations of well-marked petrological cha- 
racters. The higher and lower divisions of this great series (the 
Ardwell, Barren Flagstone, and Drummuck Beds) have their re- 
spective systematic positions fixed by incontestible stratigraphical 
evidences. The proper relations of its central divisions (the Cascade 
and Whitehouse beds), the strata of which are usually inverted, are 
established mainly by geographical considerations. 

(ui) The Graptolitic series of Ardmillan visibly underlies a third 
series (the Newlands Series), consisting of Brachiopod-sandstones, 
Pentamerus-grits, and Monograptus-shales. The natural place of 
the first (Mulloch-Hill beds) division of this series is fixed beyond 
dispute by its relation to the terminal beds of the older Ardmillan 
series, and that of the highest division (the Camregan group) by its 
relation to the newer Dailly Series. The systematic position of the 
central division (the Saugh-Hill group) is deduced with equal cer- 
tainty from its intermediary place in the series; but the sequence of 
the component strata of this central division is rendered so dubious 
by inversion, faulting, and local unconformities, that we are unable . 
to give more than a provisional classification of its minor zones. 

(iv) Finally, we’ discern a fourth petrological series (the Daily 
Series), at once the thickest and most homogeneous series in the 
Girvan succession. Its place at the summit of the whole is esta- 
blished by the circumstances that it forms a single series of similar 
strata, which is wholly distinct from either of the series below, 
while it lies on the southern (or upper) side of the Newlands Series, 
from the highest zones of which its strata appear to graduate in 
conformable sequence. 

(3) In place of an enigmatical group of Lower Paleozoic rocks 
of no great vertical thickness, varying locally in their petrological 
characters to an extraordinary extent, and containing an admixture 
of fossils elsewhere characteristic of formations of several distinct 
geological epochs, as believed by some of the earlier students of these 
beds, we find an orderly arranged sequence of strata several thousands 
of feet in vertical thickness, grouped very naturally in successive 
formations of distinct petrological features, each formation retaining 
even in its subordinate zones the same characters over the entire 
area, and, as we shall show in the second part of this memoir, 
invariably affording the same special group of fossils. 

(A) In brief, our study of the stratigraphical relations of the rocks 
of the Girvan succession has fully established the following propo- 
sitions :— 
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i. The Girvan succession of Lower Paleozoic rocks consists of a 
generally continuous series of more or less fossiliferous strata of a 
collective thickness of 7000 feet. 

ii. It is divisible into four main rock-formations, each of which is 
individualized by special petrological and paleontological charac- 
teristics. 

iii. Each of these formations is, again, made up of several subor- 
dinate members, whose relations to the subformations above and 
below are beyond dispute, and which retain their special charac- 
teristics both in rocks and fossils wherever they are laid open for 
investigation within the district. 

The detailed classification of these Lower Palxozoic strata of 
Girvan, as developed in the preceding pages, is given in the Table, 
fig. 31, pp. 660, 661. 

(5) These Girvan rocks appear to repose, at their base, upon the 
generally older igneous and altered rocks of Ballantrae. The Bal- 
lantrae rocks have, as yet, been too imperfectly studied to allow us 
to hazard any conclusion respecting their true geological age. That 
many of the rocks grouped together under this title are of far 
_ greater antiquity than the basement-beds of the Girvan succession 
may be regarded as established by the fact that fragments of the 
Ballantrae rocks occur in the Kirkland or Purple Conglomerate at 
the base of the Girvan sequence. These pre-Girvan traps and ashes 
must either represent the Arenig and Llandeilo volcanic rocks of 
Wales and Cumberland or must be of more ancient date. On the 
other hand, rocks which are unquestionably of true Girvan age 
occur at many localities within the typical Ballantrae region itself, 
while the patches of altered or so-called Ballantrae rocks found 
outside that area, as at Shalloch Hill, Laggan Hill, and elsewhere, 
almost certainly include some greatly altered Girvan rocks. 

(6) The sequence among the Girvan fossiliferous rocks is broken 
by at least one fairly distinct unconformability, viz. that at the base 
of the Craigskelly conglomerate; but the presence of boulder-beds 
at the base of the Mulloch-Hill group, at the base of the Saugh- 
Hill Grits, and elsewhere, renders it exceedingly probable that 
other local stratigraphical breaks may eventually be detected. 

These local unconformities, however, can be of no great syste- 
matic importance ; for the general gradation, both in sediments and 
fossils, from the base to the summit of the Girvan succession is 
practically complete. Each distinct petrological formation in the 
vertical series is connected with its neighbours, both above and 
below, by a group of beds intermediate both in physical and in 
zoological features. Thus the very distinct formations of the Stinchar 
Limestone and the Benan Conglomerate graduate into each other 
through the transitional zone of the Didymograptus-beds (Ab*), the 
Benan and Ardwell series through the transitional Balclatchie group, 
the Ardwell and Whitehouse beds through the intermediary Cascade 
beds, and so on. Even the two grand divisions of the succession, 
the Upper and Lower divisions of the Girvan rocks, are united by 
the intermediary formation of the Mulloch-Hill beds. 
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The geographical distribution of the various members of the Girvan 
succession within the region we have described is given in the 
accompanying Maps and Plates, &e. 

The detailed description of the physical structure of the region, and 
of the lithology and paleontology of the several members of the 
Girvan succession, together with the discussion of their resemblances, 
physical and zoological, to their extra-Girvan equivalents, are points 
deferred to the second part of this memoir. 


EXPLANATION OF THE PLATES. 


Puate XXIV. 
General Map of the Girvan District. 


Puate XXV. 
Maps of the more important subareas of the Girvan District. 


Map 1. The Saugh-Hill and Penwhapple district. 
2. The Stinchar and Benan-Hill district. 
3. The coast-line from Ardwell to Shalloch Forge. 
4, The Quarrel-Hill and Newlands district. 


Discussion. 


Dr. Davinson said that though he had not visited the locality, 
Mrs. Gray’s fine collection of Girvan fossils had lately passed through 
his hands, and Prof. Lapworth had supplied him with his classi- 
fication of the rocks. He had examined the fossils carefully, and 
compared them with the table of strata made from Prot. Lapworth’s 
notes, and found them to coincide in every particular. 

After about four months of assiduous research he was able to 
recognize, from the Llandovery, Caradoc, and Upper Llandeilo of 
that district, some 115 species, an enormous number from so re- 
stricted a locality. Some of the forms are quite new, and have not 
been hitherto discovered either in England or in Ireland. 

It was astonishing to find so very large a number of species in 
rocks attributed to the Upper Llandeilo in Scotland ; for whilst in 
England and in Ireland the total number of recorded species of 
Brachiopoda from the whole of the Llandeilo would not exceed 
some 28, the Upper Llandeilo of Ayrshire alone has furnished us 
with nearly 60. Of this number about 18 would be common to the 
Llandeilo of England (including Ireland) and Girvan; so that, 
with the exception of about 10 species, all the others would be, in 
the present state of our knowledge, peculiar to Scotland. Of course 
these numbers are provisional, as Dr. Davidson had not finally 
completed his investigations, but the general results will not be 
materially modified. On the other hand, whilst some 75 species 
have been recorded from the Caradoc of England and Ireland, only 
about 28 have been collected from the Middle and Upper Caradoc of 
Girvan. Nearly all the Caradoc species found in Ayrshire occur 
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also in our English rocks of that age; and some more have been 
found in Peeblesshire, the Lead-Hill district, and in some other 
places in Scotland, which will swell out the list of Scottish Caradoc 
forms. Endeayouring to ascertain, as nearly as possible, how many 
species of Caradoc Brachiopoda occur in the Upper Llandeilo of 
Scotland, Dr. Davidson found that about 30, or a little more than 
halt, of the Upper Llandeilo species passed upwards into the Caradoc, 
or were common to both periods. 

With respect to the Llandovery, which Prof. Lapworth divides 
into Lower, Middle, and Upper, he found 15 species in the lower 
division, 29 in the middle, and 34 in the upper. Of these, 6 are 
common to the three divisions, 14 to the middle and upper divisions, 
10 pass from the Caradoc into the Llandovery, and 4 species only 
seem to have passed upwards through the whole Girvan series, 
viz. Orthis calligramma, O. elegantula, Strophomena rhomboidals, 
and S. corrugatella. Thirty of the Llandovery species occur like- 
wise in the Wenlock and Ludlow rocks. There is therefore a very 
marked difference between the species of Brachiopoda that charac- 
terize the Upper and Lower Silurian rocks of Great Britain. 

Dr. Hicks said the paper showed how we were gradually being 
able to correlate the various districts of the Lower Paleozoic rocks, 
and arriving at a tolerably universal order in the succession. It 
was impossible to touch upon all the important questions raised by 
this paper. Among them he would, however, notice one or two. The 
paper showed that in one direction there were shore-lines, and in 
another there were deeper waters—a point of great importance in 
physical geology. He also noticed in Prof. Lapworth’s map, in one 
corner, an area of metamorphic rocks overlain by conglomerates, 
and probably of Precambrian age. This would have an important 
bearing on the question of the age of the beds in the north of a 
similar character, but supposed by Murchison and the Survey to be 
of Silurian age. Here also we find the newer beds, as there, fre- 
quently faulted down among the older ones. We were greatly in- 
debted to Prof. Lapworth for the admirable work he had done. 

Prof. Huewes agreed with the conclusions of Prof. Lapworth, 
and pointed out that in Wales and England we had the same order 
of succession of the life-zones so far as they had been worked out. 
In North Wales the Llandeilo beds were not well defined, being near 
the voleanic centre ; in South Wales they were more fossiliferous, 
but were soon overlapped. The great difficulty in correlation was 
in the May-Hill series (Upper and Lower Llandovery), in which 
we had variable basement beds, indicating the submergence of an 
irregular land surface. At Llandovery there was a great thickness of 
both Upper and Lower divisions, with the zone of Stricklandinia lens 
and Meristella crassa in the Lower, and of Pentamerus oblongus in the 
Upper. On the west flanks of the Malvern range, within the area 
mapped as Hollybush Sandstone, he had found May-Hill beds below 
the zone of P. oblongus. In North Wales and the Lake-district 
there is no clear equivalent of the Upper May-Hill; but a variable 
basement series can be traced having paleontological affinities with 
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the Lower May-Hill. On either side of the Lake-district (at Rebecca 


_ Hill, Ireleth, and at the west end of the Craven district) a conglo- 


meratic base marks the horizon of a break corresponding to that 
described by Prof. Lapworth at the base of his Upper series. 

Mr. Ernrriper expressed his high opinion of the work done by 
Prof. Lapworth. It was most satisfactory to thus see how important 
paleontological evidence became in unravelling a difficult country. 
The mistake of not paying sufficient attention to paleontology had, 
he thought, been made in mapping the northern part of Britain. 
He believed that Prof. Lapworth had successfully unravelled this 
difficult region; and we should be thankful to him for the un- 
wearied labour and the patience and knowledge he had brought to 
bear upon it. 

Prof. Lapworra, in reply, thanked the Meeting for the reception 
it had given him. In the present part of his paper he had dwelt 
mainly on stratigraphical arguments; but, as regards the second 
part, he must express his gratitude to Dr. Davidson for what he 
had done in aiding him. He had also said little about Mrs. Gray’s 
collection, as that was in process of being described, and would be 
treated in detail in the succeeding portion of the memoir. As re- 
gards the older rocks mentioned by Dr. Hicks he said little, as it 
was foreign to his paper; but the Ballantrae rocks were certainly 
older than the Girvan beds, as fragments of them occurred in con- 
glomerates at the base of the Girvan rocks, and the latter overlie 
them. With regard to the basement beds of the Llandovery 
in North Wales, he had examined them and believed there were 
three series, as in Scotland,—ove only near Birmingham, two as 
you approached the Stiper Stones, and a third in the Welshpool 
area; so that he was in favour of putting all the Llandovery beds 
into the Silurian. He thanked Mr. Etheridge for his support, and 
would call attention to the valuable work done by Mr. Etheridge, 
Jun., on the fossils from this locality. He called attention to the 
way in which his own work bore out Dr. Smith’s dictum of “strata. 
identified by superposition and organic remains.” 
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50. The Newer Priocenr PERtop in Enetanp. By Seartes V. Woop, 
Ksq., F.G.S. (Read May 24, 1882.) . 


{Continuation of Part I. from Vol. xxxvi. of the Journal, p. 527.] 
[Puate XXYVI.] 


In the previous part of this Memoir, after describing the conditions 
under which the beds of the Red and Fluvio-marine Crag accumulated, 
and their overspread during a depression by the Chillesford Clay, I 
traced the progress of events from this time to the recession of the ice 
of the Major Glaciation, in the following order, viz. :— 

The elevation and denudation of much of this Crag and Clay over 
all but their north-western, or most estuarine, extremity, and the 
formation at Kessingland, in North-east Suffolk, of a freshwater bed 
on one of the islands which came into existence by such elevation and 
denudation. 

The setting-in of the great submergence, the commencement 
of which carried the sea over the valley in which the river that 
flowed into the estuary of the Fluvio-marine Crag had run, repre- 
sented by the chalk floor extending from Weybourn to Hasboro’, 
and the progress of which was accompanied by the accumulation 
around these islands of beds of shingle and sand (67), which as 
the islands became submerged were spread over them also, and in 
the form of gravel and sand (0’) extended over England as the 
submergence progressed, up to that level to which the progress 
of this great depression brought the sea-line—the depression in- 
creasing greatly from Eastern Norfolk both southwards and west- 
wards, but mostly in the westerly direction. In consequence of 
this the ice that, at the commencement of the glaciation, had 
flowed from the Pennine to the only sea of the presence of which 
we find any evidence in England at that time—that of the Upper 
Crag, and its first extension by this movement in East Anglia, 
changed gradually the direction of its flow, so that, after re- 
ceding with the progress of the submergence, it took a different 
direction in accordance with the altered inclination of the country, 
and with the deepening of the sea southwards and westwards. Thus 
as emergence brought the shallowest area (which was now the east- 
ern) first into the condition of land, and the more elevated parts of 
this area became islands, the ice extended over these in its way 
to the sea, overwhelming them with its moraine of chalky clay (d) ; 
and as it thickened in the channels between these islands, it cut out 
and destroyed the gravel which had formed there, and then, as the 
general mass of ice increased, crushed out and pushed forward most 
of the moraine first accumulated, so as to overwhelm other islands 
with it as it reached them. I also showed the way in which, as it 
followed the retiring sea, this moraine was pushed into it as a mud- 
bank, which covered the gravel and preserved it until the ice thick- 
ened sufficiently to cut out more or less the moraine-covered gravel 
and replace it with fresh moraine. I also explained how this ice, 
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though passing over these islands, issued mainly to the sea by glaciers 
through the channels between them, which have since become our 
river-valleys, though, from the greatly different inclination of the 
country, this in the case of the Trent and all the rivers flowing to 
the Wash, took place in the reverse direction to the present flow of 
those rivers ; and how, in consequence, the moraine of Chalky Clay 
laid down in these channels had, upon the recession from it of the 
ice, been overflowed by the sea up to the level which then, accord- 
ing to the different inclination of the country, corresponded with the 
sea-surface ; so that gravel, which was merely a continuation of that 
upon which this moraine had as a mud-bank been first pushed, 
became spread over the moraine within this limit of level. In the 
north-west of England, where, from the depression being greatest, 
the water was deepest, the moraine was, I endeavoured to show, 
extruded not in this way, but beneath the sea, thereby giving rise to 
the Lower Boulder Clay of that region (D’)—-a process in which I re- 
garded the Purple Clay of Yorkshire (D) also as having begun, 
though ending by terrestrial accumulation after Yorkshire had 
emerged, the material of that clay having been moraine furnished 
by ice flowing from the Tees valley southwards along the east side 
of Yorkshire, which was recruited by ice from the Westmoreland 
mountains crossing the Pennine, and bringing the Shap blocks. 

In tracing the first part of this great movement of subsidence and 
elevation, I explained how, in proportion to its contiguity to the ice, 
the sea-bed became the receptacle of chalk-débris and chalky silt, 
produced by the action of the land-ice upon the Lincolnshire and 
Yorkshire Wolds; and that this, before the extension of the depression 
had carried the sea over all England, and while some of the Mollusca 
of the Crag which appear to have since become extinct yet survived, 
gave rise to the Cromer Till (62), a local modification of the sands 67; 
while the actual submoraine of the ice of this date, and from which 
the silt, mud, and chalk-débris of the Cromer Till proceeded, is 
represented by the Basement Clay of Holderness (B), which is 
chiefly composed of a reconstruction of the Jurassic clays and hard 
chalk of Yorkshire, and in the upper part of which, as the ice was 
receding from it, thin beds of sand containing the remains of these 
extinct Mollusca were formed by the intruding sea. I then described 
how, as this recession went on, the Cromer, Till changed to a brick- 
earth mud (62), which, in proportion to its:propinquity to the Wold, 
was interstratified with, or even made up of chalk-silt and fine chalk- 
débris, and which, towards its close (and before the change of move- 
ment to one of elevation gave rise to an advance of the ice, and to 
the overspread of this mud by the gravel ¢) was contorted by the 
grounding in it of ice detached from that which rested on the Wold, - 
and bringing thence masses of the moraine of reconstructed chalk 
extruded there, which were thus buried and left in the mud and 
subjacent Till; so that in this way the sand and gravel 6’ repre- 
sented this brickearth in the parts more distant from the ice— 
biand 62 having been deposited before the progress of the de- 
pression had carried the sea from Hast Anglia, generally over Eng- 
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land, but the whole of them (b 7, b2. 53, and b’) representing the 
formation of the sea during this great subsidence. 

Further, I described how the ice of the Chalky Clay at its 
greatest extension in East Anglia (and probably as the first step in 
the general recession of the ice of the great glaciation), by receding 
from the plateaux and uncovering the moraine there for vegetation 
to spring up on it, but still cccupying the valleys, had intercepted 
the drainage from the plateaux, and so given rise to the lagoon 
deposit of Hoxne, with its paleolithic implements, mammalian 
and arboreal remains; and how this deposit had been denuded by 
the effluent water proceeding from the edge of the ice which rested 
on the high land of Western Norfolk, and had also become draped with 
the finer material which arose from the washing-out of moraine in 
North-west Norfolk by the torrents of this water that rolled the 
stones in it into the cannon-shot form. Then, after describing how, in 
such valleys of East Norfolk and Suffolk as had at the time of this 
recession emerged, much of the gravel in them was formed while the 
ice was vacating them, I examined and traced the successive emer- 
gence of the water-partings between the drainage flowing to the Wash 
and that flowing to the Severn (over one of which, that between the 
Welland and Avon, the Lincolnshire red-chalk débris had been 
carried into the basin of the Severn system), as well as of the part- 
ings between the drainage flowing to the Severn and that flowing io 
the Thames. 

In all this the main feature for my guidance was that great incre- 
ment of depression westwards and southwards, the recovery from 
which has so complicated the problem which I am endeavouring to 
work out, but which gave rise to phenomena in no way analogous to 
a renewal of those which accompanied the progress of the depression, 
because during that recovery, and before even the larger part of this 
had been accomplished, the major glaciation had begun to diminish in 
its intensity. These phenomena I now proceed to trace. - 


The rivers, other than those of Lincolnshire, Norfolk, and North 
Suffolk, which dow to the Wash are the Welland, Nen, Great Ouse, and 
Cam; and their valleys, though modified by the land-ice as far as this 
extended, having been in existence before submergence began, the 
partings which now divide the drainage flowing through them to the 
Wash from that flowing southwards to the Thames, or westwards to the 
Severn, became by this increment of depression lowered relatively 
to their Wash extremity, while they were elevated relatively to the 
southern and western extremities of the valleys of the Thames and 
Severn systems. Thus the sea which, from the westerly and southerly 
increment of depression, still covered all but the highest elevations 
of the Thames and Severn systems, had access to these four Wash 
valleys from the west; while what is now the scaward extremity of 
these four valleys was blocked by the ice, which, though in retreat, 
still continued in mass over Lincolnshire, and thence northwards to 
the Pennine. While this was so with the Welland, Nen, Great- © 
Ouse, and Cam valleys, the Little-Ouse and Lark rivers had, by the 
emergence of Norfolk and North Suffolk, come into existence, and 
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poured their waters into the wide 
expanse of flat country around 
the Fen into which these other 
four valleys opened. On the parts 
vacated by the ice in its retreat 
which were above the sea-level, 
swamps and marsh-accumulations 
formed, in which were preserved 
the shells of freshwater Mollusca ; 
and one of these, within the 
Welland system, was disclosed in 
the making of the cutting at 
Casewick on the Great Northern 
Railway (an the north centre 
of sheet 64), and is described by 
Prof. Morris in the ninth volume 
of the Journal. It lies at an ele- 
vation of about 110 fect above 
O. D., and crowns the parting 
which separates the valley of a riv- 
ulet tributary of the Welland, from 
that of a tributary of the Glen (a 
small river which falls into the 
Welland near the Wash), and is 
overlain and overlapped by a sheet 
of gravel which has been cut off by 
denudation in the direction of either 
valley. By permission of Prof. 
Morris, and of the Council, I here 
give that section (Cut i.). 

When the ice of the Chalky Clay 
was at its.greatest extension, and 
the Fen country deeply buried 
under it (see map of the Chalky 
Clay accompanying first part of 
this memoir, Q. J. G.S. vol. xxxvi. 
pl. xxi. Map 1), the site of Case- 
wick cutting was of course buried 
under that ice, and the Oolitic 
strata on which the freshwater bed 
rests were undergoing degradation 
by it; but as the ice retreated this 
site was left as a low eminence of 
bare rock, the drainage flowing 
through the lower levels beneath 
it. Upon this low eminence, just 
out of the water. the freshwater 
deposit, No. 3. of the woodcut, 
was formed. 

Although the ice was now re- 
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treating in consequence of the diminution in the great Glaciation, the 
outflow of water from it was not due to that; for this outflow is the 
concomitant of land-ice whether in advance or retreat; and it is 
estimated by Rink that five sixths of the snow which falls on Green- 
land passes away as water through the land-ice to the sea, the melting 
of the surface of this ice in summer causing rivers to run over it, 
which pour in torrents and cataracts through the fissures in it*. At 
an earlier stage in this retreat—z. e. after the ice had uncovered the 
plateaux of Kastern Norfolk but still oceupied the valleys there, 
through which it still reached the North Sea beyond the present 
limit of that county—I have described this water, where it came from 
the ice still lying high on Western Norfolk, as flooding much of 
this uncovered part, and giving rise to the cannon-shot gravel and 
the sand associated with it; but in general the escape of this 
water is beneath the lowest part of the ice. In Greenland it issues 
from beneath this, where the ice escapes as glaciers through the sea- 
ward extremities of the channels it fills, which are called fiords from 
the point where the ice stops in them. In England these channels 
were the valleys which, having been in existence before the submer- 
gence began, became channels as they went down, and again 
became so during emergence. Since the westward and southward 
extremities of the four Wash valleys already named, where the 
sources of the rivers that now occupy them lie, were more depressed 
than their eastern, proportionally to the westerly and southerly 
increment of depression, and these eastern extremities were blocked 
by the retreating land-ice and by the emergence of Norfolk, the 
effluent water from that ice which issued southwards and west- 
wards along these channels, and was augmented by the drainage 
from the emerged land, had no escape after the partings between 
them and the Thames and Severn systems had emerged; so that it 
rose and overflowed many of the low partings which separate 
the valleys of the tributaries of these Wash rivers from each 
other, one of which low partings is that of Casewick ; and thus the 
swamp deposit, No. 3 of Prof. Morris’s figure, which, after the ice 
had uncovered this tributary parting, but while the water in the 
valleys had not risen to this level, had been formed upon it, was 
overflowed and covered with gravel by that water. This gravel was 
washed away from the slopes, and left on the low partings, and in 
successive terraces below these partings, as the water-level fell, in the 
way in which it has been supposed to do by those who have attributed 
such gravel to the action of rivers running at these high levels, and 
before the valleys were excavated. 

Gravel which, in my view, is of similar age and origin is dis- 
tributed over the drainage-area of the Cam (in central part of Sheet 
51), and crowns tributary river-partings belonging to the Cam system 
in a similar way. From its association in places with small beds 
containing freshwater shells, it has been referred by Mr. Jukes-Browne 
to an ancient river-system, the course of which he considers to have - 
been in the main almost at right angles to the present river Cam ; 

* Kelland, in vol. xxxiii. of the Journal, p. 143. 
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but with this he has associated the Cyrena-gravel of Barnwell, 
March, and other Fen localities, which I shall in the sequel describe 
as altogether distinct and posterior*. As an example, he describes 
this gravel of an ancient river-system as crowning a narrow ridge, 
several miles in length, which stretches nearly at right angles to the 
Cam, and is broken through by that river. On the south of the 
Cam this ridge forms the drainage-parting of two streams which 
run parallel and very near to each other; and his hypothesis is that 
the crest of this ridge represents the bottom of the ancient river, 
which separated into two streams, each of which has cut down 
a valley for itself on either side of the original river. 

Space does not allow me to point out all the objections which 
offer themselves to this view ; nor is it necessary to do so, because it 
seems to me that, by referring this gravel to the water just described, 
its position, crowning as it does the parting of two tributaries of one 
of these Wash rivers within the area of that lacustrine expanse, 
is entirely consistent with the conditions which I trace as having 
accompanied the retreat of the ice and emergence of England. It 
should be stated, however, that this gravel passes eastwards into that 
which I have, in the first part of this memoir, described as due to the 
effluent water of the land-ice at an earlier stage of its retreat, and 
before it had ceased to reach Norfolk,—and that southwards Mr. 
Penning (a colleague of Mr. Jukes-Browne in the Geological Survey of 
Cambridgeshire) has, in the Society’s Journal (vol. xxxi. p. 203), 
described the same gravel as continued by patches ‘ almost to the 
top of the chalk escarpment.” These patches, among which are some 
of those referred by Mr. Jukes-Browne to his ancient river-system, 
Mr. Penning describes as in some places resting on, or else 
taking the place of, the Chalky Clay; and he gives a succession 
of elevations occupied by them from 110 up to 370 feet. He also 
refers them to successive terraces of this supposititious river, 
which must have had its rise at a greater elevation than 370 feet, 
though within fourteen miles of low-lying Cambridge, and though 
the parting between the drainage to the Cam and that to the 
Thames (by the Stort) hardly reaches 300 feet?. Looking at 
the physical features of the country drained by the Cam and its 
confluents, and the position also of the Chalky Clay, and of the bed of 
brickearth near Mildenhall and Brandon intercalated in it, such a 
river appears to me an impossibility ; for in a question of this sort 
one group of phenomena alone must not be kept in view and the 
rest ignored, but an explanation must be sought which will bear 
the test of reconciliation with all the other phenomena bearing 
upon the question involved. Now the bed of brickearth at Milden- 
hall, which is overlain by the Chalky Clay as well as underlain by 

* Post-tertiary Geology of Cambridgeshire, p. 65 et seq. 

+ The contour-lines of elevation in the Map annexed to Mr. Penning’s paper 
show this parting as between 300 and 400 feet ; but I have ascertained from the 
Ordnance Survey Office that the whole of this parting (which extends from the 
363 mile post from London, on the Great Eastern Railway, nearly to the 39th) is 


really under 300 feet, the highest bench-mark (which is 302 feet) being on a 
bridge over the railway. 


ie a 


“digg - 


PLIOCENE PERIOD IN ENGLAND. 673 


it (and in which Mr, Skertchly has found paleolithic implements), 
is between 200 and 300 feet lower in elevation than the highest 
patch of gravel attributed by Mr. Penning to this river, coming into 
existence after the Chalky Clay, though that patch is hardly twenty 
miles §.S.W. of it; and I fail to see how this river-denudation, 
altering altogether the drainage within the Cam system, and con- 
verting river- bottoms into hills which separate the old stream into 
distinct rivers, could have taken place after the Lark valley (to the 
drainage of which the Mildenhall brickearth was due, as that of 
Brandon is to the drainage of the Little-Ouse valley) had acquired its 
present form, and this brickearth been overwhelmed with the Chalky 
Clay—as I also cannot believe the postulate of Mr. Jukes-Browne, 
that a river can convert the centre of its bed into a hill. More- 
over, how can such an enormous excavation by river-agency have 
thus taken place in the Cam system, when the valley of the Stort, 
which is divided from it by this parting of less than 300 feet eleva- 
tion, has, like the valley of the Lea, and all the valleys of Essex, - 
Suffolk, and Norfolk, undergone no material denudation since the ice 
of the Chalky Clay deserted them, as is shown by the plunge of the 
Chalky Clay into them, which I described in the first part of this 
memoir ? 

On the other hand, the whole of the phenomena appear to me to 
be consistent and mutually supporting in the way in which [ have 
traced the case through this memoir*; for, at the time when this 
brickearth accumulated, Norfolk and Suffolk had, owing to the 
decrease of original depression in that direction, emerged, and the 
ice had retreated from those counties and the counties to the south 
of them, but still continued over parts of Sheets 69 and 70, and 
thence northwards. The drainage from West Suffolk, while thus 
emerging, flowed into the low country of Sheet 51, whence, by the 
increment of depression westwards, it escaped in that direction, if 
any of the partings separating the Wash rivers from those of the 
Thames or Severn systems continued then submerged—and if not, by 
that part of Sheet 69 to which the ice did not reach ; and from this 
drainage the Mildenhall brickearth originated. A temporary ad- 
vance of the ice in this receded position (as stated at p. 499 of the 
first part of this memoir) then took placet, which covered this 


* Except that in the first part of this memoir I referred the transit of the 
Lincolnshire red and hard white chalk into the gravel of the Trent system to 
the time when the excavation of the Steeping valley was effected by the effluent 
water of the ice of the Chalky Clay, after its retreat to the Lincolnshire Wold. 
As, however, the transit of this chalk must have been either when the water- 
parting between the Avon and Welland was submerged, or else when it was 
overridden by the ice, I see now that it preceded the excavation of the Steeping 
valley, and that this chalk must have been dropped by floes that took it up from 
banks of the moraine which was carried by the ice into the Avon valley at the 
time of its greatest extension in that direction (as represented by the delineation 
of the Chalky Clay in Map 1), when it issued into the sea over the Severn system 
by way of the valleys of the Welland and Avon. 

+ Such an advance is conceivable to me without resort to any oscillation of 
climate, by supposing that the recovery from the Western depression gained 
upon the gradual diminution of the ice, which was taking place by the wane 
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brickearth with chalky clay; and it was while thus advanced, but 
when the partings of the Wash valleys from the valleys of the Thames 
and Severn systems had fully emerged, that the effluent water from it, 
as well as drainage from the emerged land beyond its limit, which it 
dammed up, gave rise to the lakke-like water thus described. It seems 
to me, ee that the freshwater bed in Casewick cutting and 
the brickearth intercalated in the Chalky Clay in West Suffolk are 
nearly coeval, both having arisen on places which, when the ice of 
the Chakly Clay was at its greatest extension, were deeply buried 
under it, but which were vacated by its retreat to Sheet 69—the one 
of them having been overwhelmed by the ice during its temporary 
readvance, and the other by the water-rise which was the consequence 
of that readvance. 

To render my views intelligible, I give the litle Map (No. 6, 
Pl. XXVI.) to represent what I conceive to be the conditions of the 
country at this time. It comprises the same Ordnance sheets as the 
Map No. 2 given in the plate to the first part of this memoir; but the 
scale being only half of that (linear), the rivers which are delineated in 
No. 2 are “omitted from it, except the Trent, the Avons of Warwick- 
shire and Somersetshire, and the Thames. The Map No. 2, ackompaings 
ing the first part of this memoir, represents the condition to which 
the area comprised in it had been brought by from 200 to 250 feet 
of emergence from the maximum depression described in Stage II., 
and before the ice of the Chalky Clay reached its greatest extension 
(that extension being represented by the limit shown by the line in 
Map 4 in the present, and by the distribution of that clay delineated 
in Map 1 of the previous part of the memoir); and in it the water- 
partings between the Wash rivers and those of the Thames and 
Severn systems are shown as still submerged, for they were parts 
of the channels or fiords by which this ice issued to the western 
sea. The Map 6, on the contrary, shows these water-partings all 
emerged, and the land area as extended in proportion to the increased 
emergence, regard being had to the original increment of southerly 
and great westerly depression. The ice having retreated not merely 
from the plateaux of East Norfolk and East Suffolk, but also from 
the valleys of that region, which had now all emerged to something 
above their present level, as well as from the various other issues 
described in the first part of this memoir except that of the Trent, 
is represented as still extending over the low ground of the Fen 
country into the north of Sheet 51, its extremity overwhelming the 
brickearth of the Lark and Little-Ouse vaileys, and causing the water 
in the valleys of the Welland, Nen, Great Ouse, and Cam, thus 
blocked up by it, to rise and overflow the low water-partings which 
divide tributaries of these respective systems, such as that of Case- 


of the glaciation; so that the issue of the ice to the sea by the Trent valley 
(which of all the issues by which it passed to the sea was the one that the ice last 
retreated from) was checked, and the area of the i iland ice in consequence pro- 
portionally extended, thus causing the part of it covering the Wash to advance 
over Sheet 65 into 51, as shown in Map 6, Pl. XXVI. 
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wick and the ridges described by Mr. Jukes-Browne. This water 
is represented in Map 6 by the unshaded spaces in Sheets 45, 46, 
47, 51, 52,.64, 65. and 70, and the sea-water by lines. The ice 
is shown as still issuing by the (reversed) valley of the Trent to the 
western sea, but as having retreated from all the other issues; the 
parting between the Trent and Weaver systems being between 
800 and 900 feet below the elevation of the gravel of the great 
submergence with molluscan remains at Minera Mountain, which 
is little more than 30 miles west of that parting, and 800 feet 
below that with these remains near Macclesfield, at a less distance 
north of it, this part of England was still submerged. 

The sheet of gravel in the valley of the Ivel, a tributary of the 
Great Ouse, which rises to avout 140 feet above O. D., near Biggles- 
wade, and which, in the first part of this memoir (p. 482), I 
doubted being the gravel c¢, is probably part of the gravel thus 
arising from the blocking-up of the Great-Ouse valley; and that 
part of the gravel not overlain by the Chalky Clay in the valleys of 
the Welland and Nen and their tributaries, which is much above 
the level of the rivers, has also, I think, originated from this cause ; 
for as the depression traced in Stage VI. only raised the marine ex- 
tremity of the Wash rivers some 30 feet above its present elevation, 
it could not have raised the water-level of these rivers to any greater 
extent; and though the increased precipitation, which I propose to 
show accompanied that depression, probably raised this level further, 
it does not appear to me that it could have done so to the extent 
indicated in the foregoing description, nor would the position of the 
Cyrena-formation at Barnwell be consistent with it. 

Although during the emergence a gradual recovery from the 
southerly and westerly increments of depression was going on, yet, 
unless there was no upward movement at all in the eastern direction 
after Norfolk and North Suffolk had emerged, this emergence must 
have extended England in the direction of the North Sea beyond its 
present limit. This we shall see it did, and also that the subsequent 
phenomena show that the present relative inclination of the east 
and west sides of England was not fully attained until after the 
second (or minor) glaciation ; but when, by the complete disappear- 
ance of the ice of the first (or major) glaciation from their neigh- 
bourhood, the four Wash valleys, already referred to, ceased to be 
blocked up by it, as well as received no water from this source, they 
became occupied only by the surface-drainage of their respective 
catchment areas; and their rivers thus resulting (save to the extent 
to which their flatter fall and the greater distance of their mouths at 
this time may have raised their surface by retarding their flow) ran 
at the same level as they now do; for as they have no excavating 
power now, but, on the contrary, have filled their valleys with one 
unvarying sheet of alluvial mud, @ fortiori they could have had 
none when their fall was less. 

The same remark applies to the Thames and all other English 
rivers draining eastwards, save that their valleys never were blocked 
up by the ice, and the level of the fresh water in them thus raised. 
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The land, as a whole, stood no higher (and in the west and north- 
west probably lower than now; but the fall of the eastern rivers 
was longer and flatter than at the present day, and in: that posi- 
tion, by the depression which I shall trace in Stage VI. as having 
brought in the sea around the Wash, their water-level was raised ; 
so that, in some places near their entry to the sea, the freshwater 
deposits of some of these rivers which flow eastwards pass up into 
beds containing marine shells intermingled with fluviatile, while 
nevertheless, as at Clacton, these freshwater deposits are actually 
overflowed by the present North Sea. Before describing these, however, 
it is necessary to trace more precisely the progress of the emergence 
of the valley of the Thames, and of the parts connected with it. 

In the first portion of this memoir I said that the gravel f of my 
figures, though called “ gravel of the Thames valley,” is of Glacial 
age, and demanded a special examination. It has been regarded by 
geologists as a deposit of the Thames river when this had not ex- 
cavated the valley in which it runs below the level at which such 
gravel occurs* ; but in my view this gravel, except to the extent 
that it has become mixed up with the Cyrena-formation, has no 
more connexion with the Thames than it has with the Severn, its 
relation to both those rivers being the same; for it accumulated 
beneath the sea when the valleys of both, and probably the lowest 
of the partings between them also, were submerged (see Map 6). 
In distinguishing it by the letter f, T do not mean to imply that it 
is all of later origin than that marked ¢ or e, or even than that of 
maximum submergence (0°), but only that it emerged later. Its 
bottom layers might indeed, unless there was a destruction and re- 
accumulation of the gravel-material by tidal movement during the 
emergence, represent gravel even older than that of maximuin sub— 
mergence, since the lower grounds must have become submerged 
and received a deposit of sand and gravel before the higher; but as 
in that part of it which occupies Kast Essex there occur abundantly 
fragments of stone from the Weald which I have not only never 
detected in the gravels b’, c, or e, but which, according to the pro- 
gress of the emergence of the south of England traced in the sequel, 
could not have been brought by rivers from the Weald until after 
the stage in that progress when the retreat of the ice of the Chalky 
Clay began, it is probable that such destruction and re-accumulation 
did go on, especially since we get no such thick accumulation of 
this gravel as is found in the case of the gravel of the Severn area, 
which at Mickleton (where it represents 0’ and ¢) is 80 feet thick, 
whereas this of the Thames valley rarely exceeds, and seldom reaches, 
a thickness of 20 feet. These fragments, which seem to be of the 
Kentish Ragstone, are deeply pitted externally, and, though small 
and much worn, are thus identifiable with larger and more angular 
fragments similarly pitted which are strewed over the Lower Green- 
sand heights around Maidstone, up to elevations exceeding 300 feet, 
and form the chief constituent of the gravels of the valley of the 


* Spurrell, Quart. Journ. Geol. Soc. vol. xxxvi. p. 546. 
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(Kentish) Stour at elevations up to 250 feet within the chalk escarp- 
ment. 

Kast of the line of fig. VI. which accompanies the first part of this 
memoir, in which figure it is shown at elevations between 80 and 
100 feet), this gravel f occupies lower and lower elevations, termi- 
nating eastwards, on the north side of the Thames, in the low escarp- 
ments of West Tilbury in fig. XX XII. and Fobbing in fig. XXX. These 
escarpments face the Thames or its creeks; but from its eastern 
extremity at Fobbing this gravel crowns an escarpment which rises 
towards Romford (near which town it is crossed by the line of fig. 
XXXIII.), and faces the side of the valley, as shown by figs. VI. and 
XXIX., which cross it in this part. Where it thus faces inland, 
this escarpment attains an elevation of 117 feet ; and as the elevation 
rises, the space between the escarpment and the valley-side, against 
which the gravel originally rested, diminishes from the six miles 
shown in fig. VI. until, just west of the line of fig. XXXIII., it lies 
undisturbed against the valley-side, which it continues to do from 
thence westwards to the Lea river, up the valley of which it ex- 
tends continuously, until, inosculating with ¢ and e¢ (in the south- 
west of Sheet 47 and south-east of 46), it passes both under and over 
the Chalky Clay. As it thus stretches up the Lea valley, however, 
from Tottenham to the part where it passes under the Chalky Clay 
in the south-west of Sheet 47, it occupies the western slope only of the 
valley, as shown in fig. XXXIX. 

On the south side of the Thames this gravel rises at Wimbledon 
Common and Richmond Park to elevations of 170 and 181 feet; and 
there also it terminates in the direction of the valley-side in an 
escarpment, as shown in fig. XX VIII., several miles intervening be- 
tween this escarpment and the valley-side up to which it must once 
have lain. West of the line of fig. XXVIII. it, for the most part, 
lies up to the valley-side, both north and south of the Thames, 
as shown in fig. XX XVIII., though over most of the south part it 
has been so much removed as to show itself only in patches, as 
represented in Sheet 7 of Map 3. This map is a careful reduction 
from all Sheets 7, 1, 2, and the southern portions of 46, 47, and 48 
of the Ordnance one-inch-to-the-mile map; and upon it are deli- 
neated the gravels ¢ and e, f, and g; but it must be borne in mind 
that, owing to the water of the Cyrena-formation, described in the 
sequel, having risen to the level up to which most of the gravel f 
remains, the sand which constitutes bed ¢ 3 of that formation may 
be more or less undistinguishable from it, and thus may in places 
form a portion of what, both in the map and in some of the lines of 
section which [ have given across it, is represented as gravel f; for 
it is only where brickfields occur, either in beds #2 or @ 4 of it, 
that the Cyrena-formation can be shown. The scale of Map 3 
does not admit of the delineation of the small patches of the gravel 
b’ which have escaped destruction, nor, without obscuring the 
other features necessary for my explanations, of the delineation 
of the Chalky Clay; but the distribution over it of that clay may be 
seen by comparing it with the corresponding part of Map No. 2, 
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given in the first part of this memoir, of which, as regards the emer- 
gence represented there by the shaded (and in the present map by 
the black) areas, Map 3 is an enlargement, showing the emerged 
parts in the greater detail which the scale of it allows*. The 
valleys, which have now become occupied by rivers, were, during 
the advance of the ice of the Chalky Clay, channels between the 
islands (and also inlets from such channels) which came into exis- 
tence from the emergence of the islands; and by these channels, in 
the parts to which the ice reached, this ice, notwithstanding that it 
overwhelmed such islands as came in its track, issued to the sea ; 
and thus it is that the gravel f, inosculating with ¢ and ¢ up both 
the channel of the Lea, in Sheet 1, and the channel of the Colne in 
Sheet 7, is all one with that gravel—passing in both channels as c¢ 
under, and as ¢ over, the Chalky Clay, as described in the case of the 
Colne in the first part of this memoir (p. 508). 

Making use of the Survey maps so far as available, rather than 
my own, as free from the objection of having been constructed in 
accordance with my views, I, for a similar reason, avail myself of the 
section given by Prof. Hughes in his paper on the two plains of 
gravel in Herts in the twenty-fourth volume of the Journal (p. 284), 
in further illustration of this part of the case. 


Cut 11.—Section from Prof. Hughes’s paper. 
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N.B. In Prof. Hughes’s paper the points of the compass at the ends of the 
section are by inadvertence reversed. 


The line of this section is shown on Map 3 by that marked AN, 
and is in the part where c, ¢, and f thus inosculate as “ gravel of 
the lower plain ;” and Prof. Hughes, in his description, observes that 
the gravel of his lower plain (6 of his section, and the newer part 
of c of this memoir), which is that of the channel (the gravél of the 
higher plain being that on the islands, viz. the earliest part of ¢ of this 
memoir, which had emerged before the ice reached it), has the Chalky 


* See the reference to and explanation of maps and sections at the end of 
the memoir. 
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Clay ‘‘ under it, in it, and on it.” The gravel thus having “‘ the clay 
under it” corresponds to that which is shown under the letter ¢ in 
fig. VII., and owes such position to the ice in the channel having 
wholly cut out ¢ of this memoir, and laid down the morainic clay d in 
its place. This, from its having been below the sea-level, on the 
retreat of the ice in the channel was overflowed by the sea, and 
so received a deposit of gravel (¢) upon it. The gravel with ‘‘ the 
clay in it” is that where this cutting-out of ¢ has been only partial, 
so that, while the morainic clay received ¢ in the same way upon it, 
it nevertheless rested upon a part ofc; while the gravel “ with the 
clay on it” is the normal condition, i.e. ¢. In the part of the Lea 
channel which is crossed by fig. XX XIX. the ice has laid its mo- 
raine of Chalky Clay (d) on the islands on either side of the channel, © 
but not in the channel itself; so that the gravel f, which was deposited 
by the sea after the retreat of the ice, lies at a lower level than any 
part of the moraine here. Where this morainic clay rests on the 
gravel c about Finchley (nine miles south-west of fig. XX XIX), 
it is at an elevation of about 300 feet, and must, as in the case of 
the islands at either end of Prof. Hughes’s section, have been so laid - 
terrestrially * ; for as this is at least 100 feet above the elevation at 

which the general evidence indicates the sea having stood in the 

west of Sheet 1, and east of Sheet 2, when the ice retreated from 

there, it must have emerged before the ice reached it, being at the 

extreme southern limit to which the Chalky Clay extends. In other 

places where, in thus previously emerging (as e. g. in fig. XXXIX., 

and one part of Prof. Hughes’s section), the earlier part of ¢ was 

previously washed off, the morainic clay has been laid down terres- 

trially on the Eocene or Chalk. The gravel of the higher plain is. 

as Prof. Hughes says, marked by the greater abundance of quartz and 

quartzite pebbles. ‘This shows its affinity to the gravel of greatest 

submergence, which, in the westward direction especially, is con- 

spicuous for the abundance in it of those pebbles ; while the gravel 

of the lower plain is conspicuous by the abundance in it of the 

débris of the moraine carried into the channels by the approaching 

ice, the gravel on the islands (7. ¢. that of the higher plain) having 

emerged before the ice approached near enough thus to change the 

character of its constituent material. 

In the first part of this memoir I observed that, since the water- 
parting between the drainage systems of the Thames and Severn by 
way of the Swill brook (a tributary of the Isis in Sheet 84) and the 
Avon of Wilts and Somerset is about 150 feet lower than that by 
way of the Evenlode and Stour in Sheet 44 (over which the red 
chalk carried out into the Severn system had come round into the 
upper part of the Evenlode valley), it must, even after allowing for 
some diminution in the degree of submergence in that direction, have 
emerged later; and until this took place the systems of the Thames 
and Severn must have been connected by sea, but gradually narrowing 
from the broad open strait shown in Map 2 (in first part of memoir) | 
until the valley of the Swill brook became part of a narrow strait con- 

* See note to explanation of maps and figures at end of memoir, 


680 SEARLES V. WOOD ON THE NEWER 


necting the Thames valley with the greatly expanded Bristol Channel, 
as shown in Map 6(PI.XXVI.). Over this parting (which is Oxford 
Clay) a considerable accumulation of gravel is spread, chiefly composed 
of flint*, though it is distant ten miles from the nearest chalk, and 
none of the brooks around it flow from the chalk direction. Upon 
the emergence of this parting, the valleys of all the Thames system 
became estuarine, from which, as emergence proceeded, they became 
fluviatile ; the valley of the Avon of Wilts and Somerset thus divided 
from the Thames system, and that of the Avon of Warwick, Wor- 
cester, and Gloucestershires, which is divided from this system by 
the partings whose emergence I traced in the first part of this memoir, 
passing through a similar phase. Owing, however, to the increments 
of depression already traced, the fall of the Thames system was 
flatter, while that of the two Avons was probably steeper than now, 
so that when we take up the history of the Thames in Stage VI. we 
shall find that the mixture of its fresh water with the salt had come 
to take place considerably to the east or north-east of the part where 
this now occurs, and so that the rivers of Essex entered the estuary of 
- the Thames considerably to the eastward of the present coast of that 
county when the time at which that stage begins had arrived; for 
the freshwater-beds of that stage on the Essex coast descend below 
the present sea-level. 

In the case of the main valley of the Severn the case is more 
complex ; for since at its Bristol-Channel extremity the evidences of 
submergence cannot be satisfactorily traced beyond 750 feet, they 
must have been 500 feet at least more than this at the source of this 
river, because the head of one of its upper tributaries (the Perry, in 
the 8.E. of Sheet 74) is only 12 miles south of Minera Mountain, 
on which Mr. Mackintosh has found the gravel (6’) with marine 
shells at 1230, and without shells at 1350 feet?. This and two 
other tributaries of the Upper Severn, in Sheet 73, are separated 
from the drainage flowing by the Weaver and Dee to the Irish Sea 
by low water-partings of about 300 feet elevation. It is evident 
therefore that unless a more complete recovery from this increment 
of depression in the direction of North Wales and Lancashire had 
taken place, when the partings between the Thames and Severn 
systems emerged, than the general purview of the case appears to me 
to indicate, the valley of the Severn must have been in connection 
with that of the Dee and Weaver, and Wales have been completely 
separated from England by the strait thus constituted, for some time 

* ‘See the note engraved on the Geological-Survey sheet No. 34, 7 miles 8.8.W. 
of Cirencester. The flint-gravel 34 miles east of this, described by Lucy, loc. c7t. 
p- 85, and which he says contains mammalian remains, probably represents the 
time just after the parting had emerged, and the Swill and Minety brooks had 
become small rivers opening into the estuary of the Thames and Isis; for that 
gravel is not on the parting, but in the flat valley where these brooks enter the 
Isis, and the flint of which it is composed was probably derived from the gravel 
on the parting. 

t Quart. Journ. Geol. Soc. vol. xxxvii. p. 361. Mr. Mackintosh states that gravel 
as much rounded as that in which shells occurred extends up to 1550 feet 
(p. 368); but I do not at present see sufficient reason for thinking that the sub- 
mergence reached that height. 
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after the Thames-system partings had emerged, and that system must 
have become entirely a river-system, if, indeed, this condition of a 
strait did not even endure until the depression of Stage VI. Mr. 
Maw describes the gravel of the Severn valley with marine Mollusca 
as extending down to the modern river alluvium as far up that valley 
as [ronbridge and Shrewsbury* ; and it seems to me that this may be 
the result of the state of things just mentioned, for the Bristol-Channel 
extremity of this valley must, from this great difference in the depres- 
sion, have become land nearly as soon as its source extremity, which 
is now some hundreds of feet higher above the sea than the Bristol 
extremity. In the case of the principal tributary of the Severn, the 
Warwickshire Avon, this was different, because the course of that 
river being from north-east to south-west, the depression of the 
different parts of its valley was pretty uniform ; so that in emergence 
it passed from the marine to the estuarine (see Map 6), and from 
that to the fluviatile condition in the due gradation of its various 
portions; and thus, contrary to the case of the Severn, the gravels 
of the Avon at the lower elevations contain freshwater shells and 
mammalian remains ‘7. 

The phenomena presented by the gravels of the Trent system must 
be complicated by causes partly similar to, and partly dissimilar from, 
those affecting the gravels of the Severn,—similar in that the valleys 
of the westernmost part of the Trent system, from their contiguity 
to the area of greatest depression, emerged later than the lower or 
north-eastern part of that system ; but dissimilar in that the valleys 
of the lower part of that system continued to be occupied by the 
land-ice after those of the upper part had ceased to be so. The 
phenomena of the Trent system subsequent to the Chalky Clay 
therefore require an examination by themselves, which I have not 
the materials to make, but which, when attempted, should be made 
with due regard to these conditions. 

I must here break the thread of my attempt to trace the progress 
of the emergence of England, by some further remarks on the phe- 
nomena connected with the submergence, which are necessary in 
order to enable me to place before geologists properly those views 
concerning the whole chain of events embraced by this memoir to 
which my study of the subject has led me. 

In tracing the evidences of submergence during Stage II., I stated 
that the gravel (b’) shown at Cesar’s Camp, in fig. II. of the plate 
to the first part of this memoir, spreads out over that part of the 
Chalk plateau of North Hants which skirted the western edge of the 
Wealden excavation. I have ascertained that this gravel reaches 
the elevation of nearly 700 feet, the level of the rails in Meadsted 
Cutting—where (mixed with loam, and containing large waterworn 
flints) it crowns the parting between drainage falling to the South- 
ampton water and that falling into the Thames (and which is 
indicated by the letters A P on the continuation of Map 2)—being 


* Quart. Journ. Geol. Soc. vol. xx. p. 130. 
if Ingram, in vol. xxxv. of the Quart. Journ. Geol. Soc. p. 678, and Lloyd, 
in vol. xxvi. p. 202. 


Q.J.G.8. No. 152. aa 
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650 feet ; and above this the gravel is in section for a depth of more 
than 20 feet in places. Thus the highest point to which the New- 
Forest gravel reaches, and which is shown in figs. V. and XLII. as 
419 feet, is much below that of maximum submergence in Hampshire, 
so that the gravel at Bramshaw telegraph, shown as 0’ in those figures, 
could only have emerged about the time when the ice of the Chalky 
Clay reached itsgreatest extensionin Kast Anglia. Professor Prestwich 
also describes a bed of gravel mixed with sandy clay on the highest 
points of the Chalk Down, near Weymouth, which he says ranges up 
to 730 feet ; and this, from his description*, seems to correspond with 
the Meadsted bed in the time and mode of its origin; so that the evi- 
dences of the maximum submergence seem in Hampshire and Dor- 
setshire to differ but little from those in the Cotteswold region. 

In Map 47 (in Plate XX VI.) I have represented what appears to 
me to have been the condition of England north of the line of the 
Thames at the culmination of the great depression of Stage IL., 
according to the evidences traced in the first part of this memoir, 
when, from the whole of England having become submerged and 
the inclination changed, the ice, which at the beginning of that 
stage, and when the sea was on the east side of England only, 
had (by way of the Humber Valley nearly, and from a more 
northerly direction quite) reached Norfolk, had now retreated to the 
west of the Chalk Wold, preliminary to its advance as emergence 
began in the different direction mduced by the altered inclination ; 
the limit of which advance is shown by the strong line on*Map 4, 
which marks the limit of the Chalky Clay, the space within this 
line being covered with a more open tint than is the rest of the 
area occupied by sea at the culmination of submergence. A com- 
parison of this map with the representation given in Map 1, 
which accompanies the first part of this memoir, and in which 
the Chalky Clay itself is shown, will indicate the evidence on which 
this delineation of the limit of the ice of the Chalky Clay rests; 
while Map 2, which also accompanies that part of the memoir (and 
is continued southwards in the plate to the present part), shows the 
change in land and water between this culmination of the sub- 
mergence and the time when, towards the close of this advance, 
about 250 feet of emergence had taken place. 


* Quart. Journ. Geol. Soc. vol. xxxi.p.41. The bed is shown in Prof. Prest- 
wich’s plate by black tint, but the distinguishing letter of it is omitted. Its 
position on the Chalk escarpment in his fig. 2 should be collated with that of 
gravel 0’ in my figs. II. to V. 

t Constraint of space has obliged me to confine this map to the north of the 
Thames and Bristol Channel, but the rest of England to the south of it was, 
with the exception of the higher eminences, all submerged. The chief of these 
eminences were:—Dartmoor, Exmoor, the highest parts of the Chalk of Wilts, 
Surrey, Kent, and Sussex, St. Catherine’s Down in the Isle of Wight, Leith 
Hill and Mine Head in the Weald, and the highest ridges of the Hastings 
beds in Sussex—all of which were islands, and of which Dartmoor may, from 
its height, have been enveloped in land-ice. The condition to which about 250 
feet of emergence brought this part of the submerged country is shown in the 
continuation of Map 2, in which the shaded parts are, at the western extremity 
those 400 feet and upwards above O. D., and at the eastern those 200 and 
upwards, with the intervening area in proportion. 
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In this map, No. 4, the regions enveloped in land-ice at the time 
of greatest submergence are left unshaded, while the land not so 
enveloped, and which consisted of islands, is shown in black, the sea 
being indicated by a tint of ruled lines. I have not, however, 
attempted, as I have done in the case of the ice of the Chalky Clay, 
to delineate the extent to which, as the land rose, the ice in Lan- 
cashire and Cumberland and that in Wales advanced. Probably 
as the water was so deep over West Lancashire, the ice there did not 
ever extend beyond, and probably never (at least after the submer- 
gence culminated) reached, the present coast-line of that county* ; 
but it was along the littoral zone which, at the time to which 
Map 4 applies, skirted the edge of the Lancashire ice that the gravel 
with marine shells accumulated, of which the remnant above Mac- 
clesfield, at 1200 feet elevation, has escaped the general destruc- 
tion which took place on the advance of the ice during emergence. 
On the parts which represent the corresponding zone skirting the 
Welsh ice, there accumulated similar gravel, of which the remnant 
long known as present at Moel Tryfaen (just beyond the limit of the 
map) at 1350 feet, by the Menai Strait, and the remnants lately 
discovered by Mr. Mackintosh + on Halkin and Minera mountains, 
at 950 and 1230 feet, formed part, and have escaped destruction in 
a similar way. I attribute the escape of all these remnants to the 
ice passing to the sea down the valleys on either side of them as 
emergence went on, leaving these gravel-capped eminences un- 
covered in the way that in Greenland hills not covered by ice 
occur in some places between the great body of the inland ice 
and the sea, and through the valleys beneath which eminences 
this ice escapes as glaciers to the sea. When the great glaci- 
ation passed away, these valleys were reoccupied by the sea up 
to the elevation to which emergence had then lowered the sea-line ; 
and gravel of the same kind, but proportionately later, was then 
deposited in them; but the molluscan fauna not having altered in 
the interval, the shells in this gravel are much the same as those 
in the gravel of greatest submergence. 

It is not easy to perceive why the great Vale of York, and the 
part of North Lincolnshire and of Yorkshire between the Humber 
and the Pennine, has, notwithstanding the presence of the Chalk 
formation far to the north of this, no Chalky Clay in it; or why the 
Lincolnshire Wold has an enormous moraine of chalk débris heaped 
up on its western flank (though not on its eastern), while the York- 
shire Wold is altogether destitute of this feature. 

The explanation seems to be that, as the inclination changed from 
an easterly to a westerly and southerly one, the ice which had, 
during the formation of the Basement Clay of Holderness (B of 
figs. XLVI. to XLIX.), issued through the Humber to the sea which 
had originally been confined to the eastern side of England, was 
deflected southwards to the sea as this extended over the centre and 

* The distribution of the Lower Clay of the north-west of England does not 


differ materially from that of the Upper Clay shown in Map 5. 
tT Quart. Journ. Geol. Soc. vol. xxxvii. p. 351. 
222 
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south of England, so as to pass exclusively along the west of the 
Wold in Lincolnshire, sweeping all the degraded chalk from the 
Wold into this Lincolnshire vale, and carrying it down into Sheet 83, 


where it is heaped into the hills shown by the black tint, in Map 1, - 


representing the Chalky Clay there. Possibly, though I do not think 
so however, there may be some of this concealed by the alluvium 
which is extensively spread in the west of the Yorkshire part of the 
Wold in Sheet 86, or by the gravel which covers so much of the 
east of Sheet 93, and skirts the Wold escarpment there. Prior to 
this deflection, the ice thus filling the vale of York and enveloping 
the wold issued to the sea as a glacier through the Humber, and 
covered the east of Holderness (which was the preglacial Humber 
valley) with its moraine, B, while the silt and chalk débris from 
it passed out to sea to supply the material of the Cromer Till (6 2). 
As the ice in thus retiring from the Humber to the west of the 
Wold uncovered this moraine, the sea took its place, and the Brid- 
lington and Dimlington Mollusca established themselves there ; 
so that their remains (many of which are in the condition in which 
they were at the death of the animals) became imbedded in seams 
of sand which occur near the top of B, in fig. XLYI., as well as at 
Bridlington, and were probably mixed up in this part of the moraine 
by oscillations in the position of the ice as it was thus changing its 
direction. This, as shown by the character of these shells (among 
which are two extinct and highly characteristic Crag forms), when 
compared with the shells from the gravels at 1200 and 1850 feet 
elevation, must have been before the culmination of the depression 
represented by Map 4 had arrived, at which time it was that the 
masses buried in the Contorted Drift were carried into it, probably 
from the great accumulation of reconstructed chalk, in Sheet 83, 
already referred to, and of which the place is marked by an asterisk 
in that map*; but, to make the case intelligible, I have shown the 

* Mr. T. Mellard Reade, in the 38th vol. of the Journal, page 222, seems to be 
under the impression that these masses consist of chalk; but such is not the case, 
though the sheets interstratified in the Till below are of unaltered chalk, and, as 
stated in the first part of this memoir, seem to have been dropped from floe-ice 
early in Stage II., and are unconnected with the contortions. The masses in 
question, the introduction of which is due to the agency giving rise to the 
contortions, were introduced at the close of the Contorted Drift, and are mostly 
of reconstructed chalk, or the extremely chalky form of the Chalky Clay, and 
include quartz and quartzite pebbles and other foreign débris, and in some of 
the inland pits consist of a deposit of chalk silt in paper-like laminz. Where, 
as in some cases by the flints being in rows, they look like chalk, the masses consist 
of glaciated chalk with galls of red clay in them. If, therefore, they were 
introduced as Mr. Reade thinks, not by the grounding of bergs, but of floe 
ice, these floes must have frozen to banks of moraine extruded at or about 
the sea-level, as is the case in many parts of Greenland. The way in which 
these masses and the contortions cease eastwards along the North-Norfolk cliff as 
the Contorted Drift in that direction thins, shows, however, that the vehicle of 
their transport was ice which required some depth of water to float in. Iam 
at a loss to.imagine where the Chalk can be, as Mr. Reade supposes, 650 feet 
above O. D. in Norfolk, so as to have formed cliffs during the accumulation 
of the Contorted Drift ; for I do not think that the elevation to which the 
beds 6 3 andc rise to form Cromer lighthouse hill (248 feet) is exceeded by any 
point in Norfolk to the extent of more than a few feet, 
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sea thus covering the Basement Clay, B, and the ice which enveloped 
the eastern moorlands as not yet extended down the cast of the Wold; 
though probably it had begun thus to extend, and to take the place of 
the Basement Clay ice, by the time that the depression culminated. 
It was the same change of inclination, causing the ice of the 
Basement-Clay to retire to the west of the Wold, that caused the 
East-Moorland ice (which had heretofore taken an easterly direc- 
tion like that of the Wold-ice) to take a southerly direction, and, 
hugging the eastern slope of the Yorkshire Wold, to take the 
place over Holderness of the Basement-Clay ice which had thus 
retired through the Humber; and this ice, bringing with it the 
Shap blocks, which had crossed the Pennine into the valley of 
the Tees, originated the Purple Clay (D). Thus this clay, D, is 
spread over a Basement-Clay moraine corresponding to that of 
Holderness, which occupies the preglacial valley of Pickering, in 
precisely the same way as it is over that of Holderness, which 
occupies the preglacial valley of the Humber; and just as the edge 
of the one Basement Clay lying against the chalk side of the Old 
Humber valley, as this rises above the beach-line north of Brid- 
lington, is overspread and overlapped by the Purple Clay, so is the 
edge of the other Basement Clay lying against the oolitic rockside of 
the old Pickering valley, as this rises from below the beach-line north 
of Filey, overspread and overlapped by the Purple Clay also. My 
personal knowledge of the coast-section northwards ceases at Scar- 
borough; but I am informed by Mr. Barrow, of the Geol. Survey, 
that the valleys of the coast side of the East Moorlands between 
Scarborough and the Tees mouth, such as that of the Esk at Whitby 
and that at Runswick, are similarly filled by a Basement Clay and 
an Upper Clay; and I infer (especially since, as mentioned in 
describing Stage VII., nothing corresponding to the Hessle Clay 
occurs along the coast-section, from the place of fig. L. to Scar- 
borough) that all this Basement Clay is. like that of Holderness 
and Filey, the moraine of the ice before the change in ineli- 
nation had caused it to change the direction of its movement, 
and so give rise to the Purple Clay which overlies it. Having 
thus originated in a similar deflection of the ice from the same 
change of inclination that gave rise to the Chalky Clay, the Purple 
Clay is probably coeval with the whole, instead of only the latter 
part of this, as suggested in the first part of this memoir, though, 
from the position and source of the respective ice-streams from 
which these clays originated, the Purple Clay probably continued to 
accumulate after the ice had ceased to reach the west of the Wold, 
and so give rise to the Chalky Clay. If, too, the Shap blocks are 
present near the base as well as in the upper part of the Purple 
Clay, the great accumulation of ice in Westmoreland which caused 
the transit of the Pennine by these blocks must have preceded the 
rise of the land, instead of being due to it, as suggested in the first 
part of this memoir. | 
I think also, on consideration, that the reason why none of the 
gravel of the great submergence is to be found on the eastern side 
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of the Pennine is, that throughout the major glaciation the ice filled 
all the lower ground between the Pennine and the Wold, in conse- 
quence both of the less depression of this side during the submergence, 
and of its having been that originally filled by the ice in its passage 
to the sea at the outset of the glaciation, when the sea was confined to 
the eastern side of England; so that throughout the glaciation it kept 
out the sea until this part had emerged, the ice continuing in this 
part after it had retired altogether from East Anglia. Thus, instead 
of the gravels 0’ and c having, as suggested in the first part of this 
memoir, been destroyed over the space between the Pennine and the 
broken line on Map 1, by the advance of the ice which formed the 
Chalky Clay, they never existed over so much of that space as is 
represented in Map 4 as occupied by ice. 

The intermittent beds of sand marked cin fig. XLVI. seem to have 
been deposited after the Mollusca, which established themselves on 
the moraine of Basement Clay (B) as the ice of this retreated, had 
ceased to live there, no trace of shells having yet been detected in 
these beds. Their accumulation appears to have accompanied the 
inroad of the ice of the Purple Clay (D), for they are mixed up with 
sheet-like fragments of both the Basement and Purple Clays, and are 
only occasionally present. 

There are four particular sources from which erratic blocks have 
been traced, viz. :—Criffel, near the Scotch shore of the Solway Firth ; 
Eskdale, near Ravenglass on the Cumberland coast ; Shap, in West- 
moreland ; and Arenig, in North Wales. ‘These places are shown on 
Map 4 with lines indicating the routes which the blocks from them 
have taken, and the limits to which, as far as known, they have reached. 
Now Mr. Mackintosh (from whose papers* the lines followed by these 
blocks, save part of the line followed by the Shap, are taken) states 
that the blocks and fragments from Criffel, Ravenglass, and Arenig 
are all distributed over the area occupied by the tint of ruled lines in 
Sheets 72, 73, 74, 79, 80, 89, and 90 (most of which is of no great 
elevation) ; but that none of them, save those from Arenig, occur 
west of a line corresponding to that which I have represented as the 
eastern boundary of the Welsh ice. The Arenig blocks, on the con- 
trary, he says are distributed within the part representing the Welsh 
ice up to elevations exceeding 2000 feet, to which height he in con- 
sequence regards the submergence as reaching. Mr. Mackintosh 
attributes the arrest of the Criffel and Ravenglass blocks at this line 
to a conflict of currents; but it appears to me to be susceptible of 
the more simple explanation that I suggested to him, and which he 
notices in his papert, but which, as it is part of the case presented 
by this memoir, I now advert to. 

If we regard the Arenig blocks and fragments as having been 


* Quart. Journ. Geol. Soe. vol. xxix. p. 351, vol. xxx. p. 721, & vol. xxxvii. 
p. 361. ; ai 
t Quart. Journ. Geol. Soc. vol. xxxvii. p. 361, footnote. Mr. Mackintosh 
objects to this view on the ground that the land-ice from Arenig could not 
have attained a surface-level of 1500 feet above the present sea by the time 
it reached the line where I regard it as terminating in the sea. As, how- 
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carried by the Welsh land-ice from Arenig to the line where this ice 
terminates, and the gravels with marine Mollusca on Minera moun- 
tain occur, their presence over the area shown as Welsh land-ice at 
much greater elevations than the highest of those places at which 
molluscan remains have occurred (all of which latter are within the 
ruled line area) is intelligible; as is also the reason why Critfel and 
Ravenglass erratics carried from the edge of the English and Scotch 
ice by floes could get no further westwards; and why these and 
Arenig erratics carried by floes from the edge of the Welsh ice 
are alike distributed over the ruled-line area. The track of the 
Shap blocks eastward I have already, in the first part of this 
memoir, referred to the land-ice crossing the Pennine; but these 
passing by land-ice down the Eden to the Solway, and down the 
Lune to Lancaster Bay, follow thence the distribution over the ruled- 
line area already defined of the Criffel and Ravenglass erratics 
(though they have not been yet traced as extending quite so far), and 
are in that area due to the same distribution by floes as these are. 

I now, after this digression, resume tracing the emergence of the 
South of England, to bring the case in that part to a parallel 
position to that to which I have, in the first part of this memoir, 
traced it in the part to which the ice of the Chalky Clay extended ; 
and for this purpose I have given in Plate XX VI. a continuation 
of the Map No. 2, given in the previous plate, by extending this 
to the British Channel. It purports to represent the conditions of 
land and sea when about 250 feet emergence had taken place, 
and the ice of the Chalky Clay had reached its furthest extension; the 
parts in shade at the western extremity of this continuation-map 
being those above 400, and at the eastern those above 200 feet ele- 
vation, with the intermediate area in proportion, in accordance with 
the increment of submergence. 

As the evidences of submergence in Hampshire reach (as de- 
scribed, ante, p. 682) to more than 650 feet, the inlet in which 
Mr. Codrington rightly contends most of the South-Hants gravel 
accumulated could not have become landlocked to the north at the 
time of Map 2, because the cuttings of the railway from Basingstoke 
to Oakley and Overton, which traverses the parting between the 
Thames and Hampshire systems, are all under 400 feet. Some 
of these have small patches of gravel on them. ‘This part therefore 
(in the centre of Sheet 12) is shown in the continuation of that 
Map in Plate XXVI. as a strait connecting the sea over the two 
systems; and at this time the Thames system was still connected 
with that of the Severn by the valleys of the Evenlode and War- 
wickshire Stour, through which came the Red Chalk shown by crosses 
in Sheet 44 of the first part of Map 2, and for. some time longer by 


ever, this part of England was at the time near 1400 feet below its present level, 
and the Greenland ice rises inland to several thousand feet above the sea, and 
descends in the channels which it has filled so much below the sea-level that 
Dr. Sutherland says bottom is not found at the face of some of the glaciers in 
less than 2400 feet (Q. J. G. S. vol. ix. p, 8301), Iam unable to see the force of 
this objection. 
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the valleys of the Swillbrook and Somersetshire Avon in Sheet 34, 
as shown in Map 6. 

With the flint débris of which the South-Hants gravel is chiefly 
composed is a large admixture of quartz and quartzite pebbles ; and 
as these abound in the gravel of the plateau around Bournemouth, 
which was formed in the Hampshire inlet when this had shrunk to 
small dimensions, and did not emerge until the sea was about 100 feet 
only above its present level, and all the water-partings between this 
inlet and the systems of the Thames and Somersetshire Avon had risen 
far above the sea-level at that time, they could only have been brought 
into it by some one or other of the group of rivers in Hants and Dorset 
which emptied themselves into this inlet (and of which the Avon of 
Wilts and Hants is the principal) from beds of gravel 0’, of which 
there are some remnants, mainly composed of these quartz and quartzite 
pebbles, on the chalk hills of Dorset near the sources of these rivers. 
River-ice was probably the vehicle of their transport then, as floe-ice 
was that of theirtransport into the gravel 0’ ; and this same river-ice 
drifting out into the inlet carried into the gravel of the Bournemouth 
plateau the paleeolithic implements of the pointed type found in that*, 
and resembling those from the fluviatile gravel of Milford Hill near 
Salisbury. This Bournemouth gravel, as Mr. Codrington observes, 
corresponds, when allowance is made for the one being that of the 
inlet, and the other that of the rivers Avon (of Wilts) and Bourne, 
with the gravel of Milford Hill; the bed at Fisherton near Salis- 
bury, on another tributary of this Avon, corresponding, as he also 
observes, with the marine gravel G shown in fig. XLIJ., a formation 
of the Minor Glaciation, or Reindeer period, described in Stage VIL., 
and with which the mention of Reindeer remains from Fisherton by 
Prof. Dawkins (Q. J. G. 8. vol. xxv. p. 196) coincides. 

Asthegravelat Bramshaw telegraph (infigs. V.and XLI.), of which 
the elevation is 419 feet, could not have emerged until near the time 
when the ice of the Chalky Clay began to retreat from the Norfolk 
plateaux, its conversion into land must have but little preceded the 
formation of the Hoxne bed; so that if the implement found by Mr. 
Prestwich on a talus of the gravel at about 350 feet near Downton, 
on the slope of the Avon valley within four miles of Bramshaw, had 
been in situ, 1t would have been that nearest in synchronism to the 
Hoxne implements which the south of England has yet furnished. 

The chalk on which rests the gravel 6’ at more than 650 feet at 
Meadsted (shown by the letters AP on the continuation of Map 2, 
and as then emerged) forms the environment of the western extremity 
of the Weald ; and a section across that extremity, from the chalk 
environment on the north to that on the south, is given by Sir R. 
Murchison in vol. vii. of the Journal, p. 353, wherein he shows the 
extremity of the unshaded space immediately south-east of the letters 


* It was in a similar way that the implements found in the gravel f of 
Dartford Heath got into it, which gravel has been on the strength of this 
attributed to the Thames river. The sweeping by climatic agencies of the land- 
surface débris into rivers was probably the chief source of eb imple- 
ments in their gravels. 
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AP (and which is the apex of the Wealden excavation) occupied by 
large accumulations of “ flint drift” resting upon the Neocomian. 
Whether this “drift” be gravel, or what it may be, I do not know; 
but within the same great Wealden excavation, near the centre of 
Sheet 8, is an important bed of gravel, because it has been described 
by Mr. Godwin-Austen as haying been faulted with the Neocomian 
formation on which it rests during the earlier part of its accumu- 
lation*. The part where this occurs is represented in the con- 
tinuation of Map 2 as an island in two parts joined by an isthmus ; 
of which two parts, the northern represents the Chalk Down from 
Gomshall towards Leatherhead, and the southern the lofty Neo- 
comian tract of Leith Hill, Mine Head, and its neighbourhood; the 
isthmus connecting them being the parting (at about 400 feet ele- 
vation) between the drainage flowing to the Mole, and that flowing 
to the Wey by the Tillingbourne, and over which parting Sir R. 
Murchison (loc. cit. p. 379) describes the same “ flint drift ” as dis- 
tributed and resting on the Neocomian sand. 

This isthmus was submerged during the time represented by Map 4, 
and the two parts formed separate islands; but having at the time of 
Map 2 emerged, the Tillmgbourne valley formed the inlet pene- 
trating this island on the west of the isthmus which is shown in that 
Map; and in this the faulted gravel accumulated, its elevation being 
241 feet above O. D., and more than 130 above that of the sheet of 
gravel occupying the valley of the Wey and its tributaries, part of 
which is shown under the letter g infigs. IJ. & III. The faulting of 
this gravel seems to have been connected with the rectilinear dis- 
turbances which, with the great denudation to which these gave 
rise there, have placed the gravel 6’ in the position which it occupies 
in figs. IT., 111.,1V.,and VY. Mr. Godwin-Austen describes it, as well 
as that on Merrow Downy, as including great blocks of grey- 
wether sandstone. He also says that mammalian remains have 
been met with in the lower portion of this gravel. 

From this island eastwards the sea is shown as covering the Weald 
up to elevations which gradually decrease in that direction to 200 feet 
at the eastern part of the map, but as being in connexion with the sea 
over the Thames system by way of the (Kentish) Stour, the Medway, 
the Darent, the Mole, the Wey, and the low ground near Farnham, the 
elevations of all the partings from the Thames system by any of these 
being below the elevations on which the representation of the sub- 
merged parts of the map is based. Gravels sporadically scattered over 
some of the parts thus represented as covered by sea occur on the 
Weald clay, independently of that which at low levels skirts the 
rivers, and can justly be referred to the action of these when, during 
Stages VI. and VII. they in flood-time were in greater volume than 
now. ‘These patches, which are shown on the Geological Survey map 
of Sheet 6, have been referred by Messrs. Topley and Fostert to the 


* Quart. Journ. Geol. Soe. vol. vii. p. 278. 

. +t Merrow chalk-down at a much higher elevation is also shown by Mr. 
Godwin-Austen as capped by gravel, which I presume is 0’ of this memoir. 

t Quart. Journ. Geol. Soc. vol. xxi. p. 443. 
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deposit of the river Medway and its tributaries, when the Medway 
system ran at a proportionately higher level ; and in order to reconcile 
this with even the largest conceivable volume that could be assigned 
to the rivers, they are compelled to assume an enormous fluviatile ex- 
cavation as having succeeded (and in a less degree also accompanied) 
the deposition of this gravel; for the patches reach to upwards of 
200 feet above the rivers, and 300 above O. D. The Lower-Tertiary 
pebbles and subangular chalk-flints which some of these grayel- 
patches contain more or less abundantly, notwithstanding that they 
are separated from the Chalk by the Neocomian escarpment, and from 
the Lower Tertiaries by both that and the Chalk escarpment, and 
notwithstanding that in some cases the rivers of their neighbourhood 
do not reach the Chalk, much less the Lower-Tertiary area, are 
regarded by these gentlemen as having been brought by streams 
which, prior to this enormous river-excavation, were tributary to 
those rivers when they ran at proportionately high levels, and 
being thus tributary, flowed over great areas of Neocomian and 
Gault, and even Chalk, which have since been removed along with 
parts of such tributary streams themselves. 

This view I have for many years discredited; and the first thing 
which presents itself in opposition to it is, why, since the height 
attained in so many places by gravel 0’ shows that this part of 
England was submerged far above these gravel-patches, so vast 
a fluviatile denudation should have occurred in this region, when 


the corresponding area north of the Thames shows nothing of the » 


kind? Why, for instance, should the river-valleys of East Anglia 
have undergone no appreciable denudation since the ice of the 
Chalky Clay deserted them, while those of the Weald during the 
same time have undergone so vast an excavation? The section of 
Prof. Hughes’s which I have reproduced (p.678) shows no denudation 
of the Hertfordshire valleys since the Chalky Clay plunged into 
them (as it did in all the valleys of the area occupied by it); and 
figs. VI., VII., and XL. show the same for the valleys of Hssex, as 
do figs. 1., VIII., and IX. for the valleys of Suffolk and Norfolk. 
The next thing in reference to this view that demands inquiry 
is, What is there in these gravels to indicate a fluviatile origin, and to 
rebut the contrary inference afforded by the extraneous débris present 
in them, to explain which such large postulates have been demanded ? 
No fiuviatile shells, so far as I know, have been found in them, 
though such have been found in the gravels skirting the rivers at 
low elevations, which are admitted to be of fluviatile origin. All 
that has been found in the former in the shape of organic remains are 
those of mammalia (and these, so far as 1 know, only in one case, viz. 
at Marden, and there in a bouldered condition) and some paleolithic 
implements *. The latter have occurred in the inlet gravel of the 
* The implements have occurred in the gravels of the Plaxtole rivulet valley 
in the exact centre of Sheet 6. Some of these gravels according to Mr. Smith 
(in vol. xxiv. of ‘ Nature,’ p. 30) are 400 feet above O. D., and about 100 above 
the rivulet. The gravels thus containing implements extend along the rivulet 
valley from 400 feet at Ingtham to 200 at Dunks Green, a distance of only four 


miles. Such of this gravel as is on the Weald clay contains subangular flints and 
Lower-Tertiary pebbles, though the source of the rivulet is in the Neocomian. 
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Bournemouth plateau, and in gravel f at Dartford Heath, and mam- 
malian remains in the gravel ¢ beneath the Chalky Clay at Birkett 
Wood in the Colne channel, as well as in the mud deposit at Selsey, rich 
in marine shells, described in Stage VI. ; but neither implements nor 
mammalian remains are any more evidence of a fluviatile or freshwater 
origin for the gravel containing them than are the subangular fiints 
with which they are associated, for the base of the Red Crag abounds 
with such remains (and much in the condition too in which bones 
are found generally in gravels), and I myself found part of a mamma- 
lian humerus associated with the marine Lamellibranchiata, in the 
position in which these lived with valves united, in the pebbly sand, 
6 /, beneath the Cromer Till at Weybourne. On the other hand, the 
absence of marine shells is (with the exception of the seam in the 
upper part of c, which is confined to East Anglia, and due to the 
ploughing-out of an older bed by the Chalky-Clay ice in its advance)* 
the character of all the gravel, whether 0’, c, e, or f, everywhere 
except in the North-west of England and the Severn valley ; and even 
there, save in the case where they occur in clay seams intercalated 
in the gravel, as at Ironbridge, these shells, though synchronous, are 
much worn and evidently transported; gravel bottoms apparently 
being adverse to the life of testaceous Mollusca. 

These high patches of gravel within the valley of the Medway 
and other Weald rivers, including that of the Tillingbourne valley, 
appear‘to me, save so far as they may be due to the rise of the water- 
line in consequence of the depression traced in Stage VI., to have accu- 
mulated either under the sea, or in estuaries as the sea was invading 
or was retiring from the land ; and though the accumulation may have 
begun as the valleys which its remnants occupy became engulphed by 
the submergence, it had not terminated at the time represented in 
Map 2 and its continuation. Inasmuch, however, as the fresh water 
necessarily followed the salt as this retired, fluviatile beds may be 
present in these valleys at that level (high in comparison with that of 
the present streams) at which the fresh water thus following was at 
that time maintained by the retiring sea, without indicating any 
great excavation of the valley in which they occur. 


* T have in the first part of this memoir (p. 484) explained this exceptional 
occurrence of shells in the gravel c. The introduction of mammalian remains 
into the lower part of the Tillingbourne gravel from the destruction of fresh- 
water beds of antecedent age, as the sea was gaining on the land during submer- 
gence, would be similar to the way in which mammalian remains have got into 
the Red Crag ; and the extremely erroneous inferences which have from such 
remains in the Crag been drawn as to the Mammalia that were coeval with the 
Red Crag may, foties quoties, apply to these remains in beds of Glacial age. 
See on the same question the remarks as to this derivation in Siberia made in 
describing Stage VII. . 
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Part 2.—Tue Post-eractat Perron, comprisine THE Cyrena-flumi- 
nalis ForRMATION, AND THE Minor GLACIATION. 


Stage VI. The Crrpna-formation. 


Under the conditions which I have traced, the valley of the 
Thames, after the parting from the Severn system by way of the 
Swillbrook had emerged, became a sea-loch open to the North Sea 
by way of its present mouth, and also open to the Weald by way 
of the low ground over the faulted part of the Chalk near Farnham. 
The partings of those drainage-systems of the Weald which are re- 
presented as covered by the sea in Map 2, being most of them equal 
in actual elevation to that of the Swillbrook, and even the lowest of 
them, which is that dividing the (Kentish) Stour from Romney marsh 
at about 150 feet, equal to it when taken in connexion with the 
westerly increment of depression, had, however, at this time all 
emerged. As the low ground of this faulted chalk emerged, the 
basin of the Thames became separated from the Weald, except 
to the extent of receiving drainage from thence as it now does by 
the Wey, Mole, and Darent; from which condition, as emergence 
proceeded, it passed to that of a river which mingled with the sea- 
water much to the east of the point at which it now does so, receiving 
probably as tributaries the rivers of North Kent and South Essex, 
though hardly, I think, those of Suffolk and Norfolk, which probably 
reached the sea independently, though much to the east of the 
present coast-line. This greater distance eastward of the river- 
discharge at the commencement of the Cyrena-formation was due (if 
we omit for the present that part of the problem which involves the 
general depression of England subsequent to the last stage traced in 
this memoir, and which has caused land-surfaces round our coast to 
_ become covered with salt water and marine silt and forest with marsh 
mud, and which has brought the salt water further up the Thames 
than we find any certain evidence of its having done during the 
re-submergence I am about to trace) to some little of the original 
westerly increment of depression not having been recovered ; or, 
more properly speaking, to the present inclination not haying been 
fully attained; for, during the Red Crag, South Essex and Kent pro- 
bably extended far beyond their present limit, and most likely to 
Belgium *. Itis important, in considering the volume of fresh water 
’ within the Thames valley during the stage under consideration, that 
this should be borne in mind, as well as the position occupied by 
the bottom of the river, as shown by the basement bed (No. 1) of 


* Prof. Prestwich describes the gravel corresponding with the sand in which he 
has found the Cyrena at Oxford as occupying a level of from 20 to 25 feet above 
the river around Oxford. At Grays and Crayford the fossiliferous part of the 
Cyrena-sand (No. 3 of the sect.) reaches to about 50, which would show the dif- 
ference in fall between there and Oxford to be about 25 feet less than now. As 
the Reindeer occurs in some of the Oxford gravel, the gravel g with Reindeer 
remains there is probably at the same level with the Cyrena-sand. 
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the Cyrena-formation at Grays in figs. XXI. and XXIL* In 
this connexion, too, the generally received theory of the cutting 
down of valleys by the rivers, which has been adopted to reconcile 
the evidences of the former width over which a river extended with 
the physical difficulty involved in the presence of so large a volume 
of fresh water in the valley, as these evidences would otherwise 
point to, should be dismissed from the mind; for we have clear 
evidence that, so far from these evidences in the Thames and East- 
Essex valleys being connected with a lowering of the valley by 
river-excavation accompanying an elevation of the land, they are 
connected with a rise of the river-level due to a general depression 
of the land and consequent rise of the sea-level. 

From the same cause the Wash rivers, Cam, Great Ouse, Nen, and 
Welland, when, after the draining-off of the great volume of water 
caused by their being dammed up by the ice, these rivers came into 
existence, had a flatter fall, and mingled with the sea beyond our 
present shore; the sea-level on the cast side of England being at 
this time below the present. 

The channel and deposit of the Thames before this resubmergence 
occurred is shown by the bed of gravel (No. 1 of @) at Grays, 
which is confined to the bottom of the river-channel which occupied 
the site of the Grays brickfields at the commencement of the stage 
under consideration (see figs. XXI. & XXII.); and its dimensions, 
even when we allow for the greater distance of the sea than now, are 
small. This river-channel became enlarged by the depression pre- 
sently traced, so that the beds of the Cyrena-formation there which 
succeeded it, and are numbered 2, 3, and 4 in the figures, are 
mutually transgressive. At Grays there is a shelf of chalk between 
this original channel and the present river, so that the channel of 
the Cyrena-stage was different from that at present, and also from 
that which existed during the gravel g, which, so far as can be seen, 
appears to have coincided in the main with that of the present river, 
though in a more expanded state. The position of the original 
river-channel, I cannot doubt, was shifted by the disturbances sub- 
sequent to the Cyrena-formation presently examined. The lines 
of figs. X XI. and XXII. show the position of the Cyrena-formation 
relatively to the rivers Thames and Darent, as well as to the gravel 
(g) described in Stage VII. 

Before tracing the distribution of this formation I may observe that, 
as has been long known, the freshwater parts of it have yielded the re- 
mains of a fauna, both mammalian and molluscan, that indicates a 
climate different from that which must have prevailed when the 
gravel g and the accumulations of most of the caverns were formed. 


* T have taken the position of this bottom from the section of Mr. Tylor in 
vol. xxv. of the Journal, which in that respect agrees with my own observa- 
tions; but, so far as the gravels / and g of these figures are concerned, my sections 
differ from his, that gentleman showing them as one, and (so farasI can follow 
his section) as wrapping the Cyrena-formation. 

I cannot, however, make out what Mr. Tylor intends to represent by what he 
terms “the covering bed” or “ covering gravel,” unless it be the bed y of this 
memoir. 
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Amongst the Mammalia, the presence of the Fallow Deer and the 
absence of the Reindeer have been cited as evidence of mild climate, 
and the presence of Lhinoceros megarhinus as evidence of perhaps 
the same kind; but more certainly (notwithstanding the alleged 
occurrence of the frozen carcase of this species in Siberia) of an 
antiquity greater than the cave-deposits. Among the Molluscan 
remains evidence more decisive is found ; for of the three freshwater 
shells of this formation, one, Cyrena fluminalis, is not known living 
nearer to us than the Nile, and inhabits the rivers of Thibet and China, 
and two others, Unio littoralisand Hydrobia marginata, are not known 
living nearer to us than the South of France. The Musk-Ox cranium 
(which, judging from Prof. Dawkins’s figure, seems to have occurred 
at Crayford in bed No. 2 of the formation) points in the other di- 
rection so far as it goes; and as the Cyrena lived during the Upper 
Crag (and even at the beginning of the sand 6 Z), it is probable that 
the climate of this Crag and of the Cyrena-formation did not much 
differ, though probably the latter was milder than the former. 

In tracing the distribution of this formation as far as known, I 
commence with the recent discovery of it by Prof. Prestwich, in 
the form of a sand at Oxford, from 20 to 25 feet above the level of 
the Isis, more than 300 feet below that of the gravel 6’ on the hills 
around, and from 400 to 500 feet below the line of maximum sub- 
mergence there. The spot is distant 24 miles from the water-parting 
of the Thames and Severn systems by way of the Evenlode, and 30 
miles from that by way of the Cherwell; and the elevation of the sand 
yielding the shellis about 230 feet below the elevation of these part- 
ings. Prof. Prestwich, however, mentions that a single specimen 
was obtained years ago from a pit on the banks of the Cherwell, and 
nearer therefore to that parting. The occurrence of it at Krith, Cray- 
ford, Ilford, and Grays is too well known to need mention; and 
L believe that it has occurred near Southend, but have not verified 
such occurrence. Although at all these places below London the 
transgressive character of the successive beds of the formation is ap- 
parent, it is further to seaward, viz. at Clacton on the coast, in the 
south centre of Sheet 48, that we find the first distinct evidence of 
the depression to which this transgression is due having changed 
the fresh to salt water. At that place the freshwater part of this 
formation, abounding in valves (often joined) of Unio littoralis, as- 
sociated only with other shells exclusively of freshwater habit, de- 
scends below the level of high-water on the sea-beach ; but upwards 
in the Cliff section, this part changes gradually into a bed containing 
marine shells, along with which Cyrena fluminalis was found by 
Mr. O. Fisher (see bed @ 3 of fig. XXIYV.). 

In section 8 of the plate to a paper in the ‘ Geological Magazine’ 
for 1866, p. 348, I first showed the position of the Clacton part of this 
formation relatively to the gravel f in the Clacton and Holland Cliff ; 
but I have now given fig. XX VII. to show not only this, but also 
the position of f relatively to the gravel at Tolleshunt ; the relation 
of which again is in fig. VII. (an the plate to the first part of this 
memoir) shown relatively to the gravels¢ and’. Mr. Fisher's section 
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of Clacton Cliff in the ‘ Geological Magazine’ for 1868, p. 214, is 
substantially the same as that subsequent thereto which is in the 
Geological Survey memoir for quarter-sheet 48 S.W.; but I have 
reduced fig. XXIV. from the figure in that memoir. 

On the opposite side of the Thames estuary, at Chislet in the val- 
ley of the Kentish Stour (north centre of Sheet 3), the remains of 
the Cyrena are described by Prof. Prestwich * as occurring with 
other freshwater shells in a bed of sand from 20 to 30 feet above 
O. D., intermixed with valves of a marine Cirriped, and with (ac- 
cording to Prof. T. R. Jones) a brackish-water Entomostracan found 
in the Cyrena-formation at Grays, and a brackish-water Foraminifer. 
This sand at Chislet is described by Prof. Prestwich as overlain by a 
mass of gravel, rubble, and brickearth, from 3 to 8 feet thick, which 
may correspond to the bed No. 4 of Clacton, or be the terrestrial forma- 
tion y described in Stage VII. There is thus at about equidistant 
points from Grays evidence of the propinquity of the sea towards 
the latter part of the formation on the south side of the Thames 
estuary, and of its actual presence on the north side. 

At Grays the gravel-bed No. 1, forming the basement part of the 
formation, is overlain and overlapped by laminated brickearth 
with sandy seams (bed 2), and this again by a considerable thick- 
ness of false-bedded yellow sand (bed 3), into which it passes by 
alternations of either bed, and in the lower part of which, as 
well as in bed 2, the Cyrena abounds in association with freshwater 
shells only t; but the change to this sand, and the false-bedded cha- 
racter of it at Grays, seem to show that tidal action in a decided form 
extended now, by reason of the incressing depression, up to that place. 
Being not only some miles higher up, but also apparently the deposit 
of a tributary of the Thames, the division of this sand No. 3 from 
the laminated brickearth No. 2 is less marked, and the sand of less 
thickness, in the Crayford and Dartford-heath portions of the for- 
mation, shown in figs. XXI. and XXII., while I am not clear that 
No. 4 is present there, or whether what is represented as such in 
fig. XXI. may not be the bed y described in the sequel; but at 
Iiford the sand No. 3 is very distinguishable from the brickearth 
No. 2. It is, however, but little false-bedded, and contains, so far 
as I am aware, only freshwater organisms. 

At Grays No. 4 reaches a higher elevation than No. 3, and is 
proportionately more transgressive; so that I have found patches 
of it on the chalk of Stifford quarry a mile to the north of fig. XXTIL., 
and on the gravel f opposite the “« Inn” at Stifford (at between 80 
and 90 feet above O. D.), which have escaped the general denuda- 
tion of this formation presently referred to, as I have found it on 
this gravel in various parts of Essex. On the top of the chalk-quarry 
shown in fig. XXIII. the transgression of No. 4 over No. 3 was, 
when I drew it in 1865, actually visible in section, the two occupying 


* Quart. Journ. Geol. Soc. vol. xi. p. 111. 

t Although Unio tumidus swarms at Grays, I could never find U. littoralis - 
there, Sir Chas. Lyell, however, sent my father some specimens of it which he 
had found there many years ago. 
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a hollow in the Thanet Sand, which elsewhere in the quarry was 
overlain by the gravel f. The part of No. 3 which appears there 


is only the uppermost, which, so far as I know, is unfossiliferous. 


The elevation of this seetion is between 80 and 100 feet. 

The Cyrena-formation appears to occur up the Lea valley at 
Stoke Newington, and to reach there the elevation of about 100 feet 
above O. D.; but the Cyrena itself has not been yet found there, 
so far as I know, nor do I know precisely up to what part of this 
elevation shells have occurred*. From the elevation which it there 
attains, however, it must have occupied the Lea valley for a long 
distance to the north of that place; and, as regards the Thames 
valley, the thick bed of brickearth which occurs at West Drayton, 
Slough, and other places in Sheet 7 (and which is shown in Map 3 
as the Cyrena-formation) appears to me to be this bed No. 4, 
similarly transgressive, so that it there rests on the gravel f, 
reaching an elevation of 120 feet; and it is shown on the Geological- 
Survey map as overlapping the northern edge of f, and resting 
for a considerable distance on the London Clay (see for this also, 
Map 3, Pl. XXVI.). Between there and London, this bed (No. 4) 
appears to me to be represented at Acton, in fig. iv. of Col. Lane Fox 
(at page 456 of the 28th vol. of the Journal), by the brickearth with 
seams of sand, which in an adjoining section he describes as 
‘“‘ passing gradually down into fine yellow sand without stones ” 
(the elevation being 82 feet), that sand, which is gravelly in some 
places, being bed No. 3 of Grays, though only the remains of a fern, 
and no shells, occurred in it. The transgression is shown at Acton 
by this sand resting on the London Clay at an elevation which, 
relatively to the Thames level, corresponds with that reached by it at 
Grays ; and the occurrence of a tree-trunk on the London-Clay sur- 
face at the base of the sand, shown in Col. Lane Fox’s fig. ii1., accords 
with that trangression; but beds 1 and 2, which were confined to 
lower elevations, have been removed to make place for the gravel g, 
described inStage VII., which about Acton also passes up into brick- 
earth, and is that distinguished by Col. Lane Fox as the gravel of 
the ‘“‘ medium and lower terrace.” 

This bed No. 4 occurs in many parts of the Thames valley, but not 
in thickness sufficient for its representation in Map3,the scale of which 
only allows of the representation of the Cyrena-formation on it where 
some part of this is worked for bricks; and, as I have already said, 
probably both in the Geological-Survey map and in mine, some and 
perhaps much of what is shown as gravel f may be the sand No. 3. 
Judging from the greater thickness of No.4at Slough railway-cutting, 
it seems elsewhere to have been reduced by denudation during 
emergence ; and in the smaller thickness thus resulting it rests on 
gravel f, in the railway ballast-pit at Chadwell Heath in Sheet 1, at 
between 60 and 70 feet elevation, and seems to form a thin surface- 
bed over much of the area between there and the line of fig. XXIX. 
It is worked for bricks over / between Southend and Prittlewell, 
and much of the country north of Southend, at elevations which, 
allowing for the fall of the valley, correspond with those higher up 


* See, however, note at page 741. 
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it, viz. between 30 and 60 feet. Paleolithic implements have (either 
at Acton or Crayford) occurred in Nos. 1, 2, and 3. 

Northwards along the eastern border of Essex, where the gravel 
f is shown extending, traces of No. 4 occur as far as Bradwell *, 12 
miles W.S.W. of Clacton ; but at Clacton it has changed to a loamy 
gravel, which, but for the Cliff-section showing it to be distinct from 


f, by the edge of bed No. 24 of the Cyrena-formation being inter- 


calated between them, might be confounded with f (see fig. XXIV.)*. 

In England, south of the Thames, the Cyrena has not yet been 
detected either in marine or freshwater beds; but northwards as far 
as Yorkshire (irrespective of its presence in the Upper Crag, and the 
base of the sands 6 7, where these are fossiliferous and fluvio-marine, 
as in the Bure valley) it has occurred in many places in beds of the 
Stage under consideration. Taking them in their order northwards 
from Clacton, we find it ina bed of peaty sandy clay at Stutton 
(centre of Sheet 48) in the valley of the Stour estuary, which 
divides Essex from Suffolk, at the edge and level of the salt water 
which fills this estuary ; the valley in which this bed occurs being 
cut through the sands 67 and gravel c, and having formed one 
of the fiords by which, during the latter part of Stage III., the 
ice of the Chalky Clay issued to the sea. So far as I am aware (and 
my father collected at one time extensively from it) no marine shell 
has occurred in the bed here; but the Cyrena specimens are of large 
size, with valves united, and associated with many species of fresh- 
water and land Mollusca. In the extreme north-east of the same 
sheet, however, in the valley of the Butley Creek (another of the 


issues of the ice of the Chalky Clay at the close of that formation in 
' East Anglia), the Cyrena also occurs in a bed overlying the Coral- 


line Crag in the ‘“ Broom” and “Gomer” pits at Gedgrave. Here 
it was found by my father associated with marine shells, which, from 
his remarks+, I inferred were merely derivatives from the Crag. 
Messrs. A. and R. Bell, however, inform me that though some of the 
shells in this bed (such as T’rochus subexcavatus and Murex tortuosus) 
are, no doubt, derivative, others, which are of living species, are unlike 
the Crag shells in mineral condition, being but very slightly fossilized, 
and that one of them (Buccinum undatum) is not the thin form of the 
Crag, but the thick shell now living on our present coast. I have 
found also in my father’s cabinet some specimens of Trochus cinera- 
rius marked as “from the bed over the Red Crag of the pit near the 
Oyster Inn, Butley ;” and these retain much of their colour, and 
are, like the shells of the Nar valley and Selsea beds, but slightly 
fossilized §. My father also (Crag Moll. vol. i. p. 109) speaks of 


* At Currys Mill, Bradwell, I found 7 feet: of it placed vertically beside the 
gravel f, seemingly let down by a small fault, and so saved from the denudation 
which had there removed this bed from the general surface of the gravel f. 

+ At Clacton there seems to have been a denudation of the edge of No. 3 
before No. 4 was deposited. 

{ See ‘ Crag Mollusca,’ vol. i. p. 109, and vol. ii. p. 105. 

§ Mr. A. Bell informs me that he obtained these specimens of Trochus from 
the patch of clay marked with an asterisk shown by him in his section of this 
pit at page 451 of the Geol. Mag. for 1871, and gave them to my father. 
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having obtained, from the bed over the Coralline Crag which yielded 
him the Cyrena in association with marine shells, specimens of 
Hydrobia ulve in this imperfectly fossilized condition, so that I can 
hardly doubt that the sea entered the Butley-Creek valley during 
the stage under consideration, and from the elevation at which this 
bed occurs, up to the height at least of 40 feet above its present 
level. North of this, along the eastern side of Hast Anglia, no 
further trace of this shell (save in the Crag and in the sand 67) has 
yet been detected; and but for what seems to occur in the Butley 
valley, I should have inferred that the sea at this time did not enter 
the valleys of the Suffolk and Norfolk coast; but at Barnwell on 
the Cam (slightly to the south-west of the centre of Sheet 51) it 
occurs in a bed, the top of which is about 45 feet above O. D., 
associated with land and freshwater mollusca only. To the north 
of this bed, and distributed over the north centre of Sheet 51, the 
centre and west of Sheet 65, and the east of Sheet 64%, there occur 
patches of gravel rising as very low eminences out of the level of 
the Fen, in some of which marine molluscan remains occur nn- 
merously ; and on the east side of the Wash, in Sheet 69, the same 
formation is continued by a brick-clay in the valley of the Nar, 
and a gravel at Hunstanton, all yielding numerous remains of 
marine mollusca, all of living species. This formation, in its marine 
condition in Sheets 51, 65, and the Nar valley, seems not to reach 
elevations of more than 30 feet above O. D., thus corresponding with 
the freshwater part at Barnwell at about 45; and though the Cyrena 
has not been found in it at Hunstanton or in the Nar valley, my 
friend Mr. Harmer found many specimens of that shell (some of 
which I have) in association with the marine shells in this gravel 
at March, in Sheet 65, just as they are in the Yorkshire part of the 
formation at Kelsea Hill, in Sheet 86. 

At Overton (or Orton) on the Nen, in Sheet 64, where this gravel 
appears to be at an elevation of about 20 feet above the Nen, and 
40 above O. D., Mr. Trimmer? found Ostrea edulis and Cardium 
edule in it, in association with freshwater shells ; but Prof. Seeley ¢ 
states that the fluvio-marine gravel here is underlain by clay con- 
taining freshwater shells only, thus presenting the same evidence 
of change from fresh to salt water by depression as is furnished 
by Clacton. The strong broken line on Map 4, indicating the 


* For the distribution of this gravel in Sheets 51, 65, and 69, see Seeley 
in vol. xxii. of the Journal, p. 470. For Nar brickearth, see Rose in Phil. Mag. 
for 1836, and Geol. Mag. for 1865, p. 8. For the Mollusca of both, see Tabular 
list in lst Supplement to ‘Crag Mollusca,’ Paleontographical Society volume 
for 1873, the Fen gravel being under the heading of “ March gravel,” and in 
same table is a column with the Mollusca from the Yorkshire part of the forma- 
tion (“ Kelsea Hill”) and from Hunstanton. 

t+ Quart. Journ. Geol. Soc. vol. x. p. 345. 

t Ibid. vol. xxii. p. 474. Mr. Trimmer’s section shows the freshwater bed as 
underlain by gravel with marine shells; but as he states that this rested on the 
authority of the workmen, and he himself found. the marine shells at 7 feet 
from the surface, which, on the scale of his figure, would be above the part with 
freshwater shells, and the mammalian remains were in the lower part, it is 
likely that this was a mistake, and that Prof. Seeley’s statement is correct. 
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limit of the submergence of the Stage I am examining, defines 
the limit of this marine and fluvio-marine part of the formation 
in Sheets 51, 64, 65, and 69 ; and this line is carried thence north- 
wards in accordance with the evidence of increasing depression in 
that direction, which the limit in elevation reached by the forma- 
tion in Sheets 85, 86, and 94 furnishes. 

I have no certain knowledge (beyond the presence of gravel, 
which, so far as I know, is unfossiliferous) of any thing which can 
be identified with this formation within the line thus carried 
northwards till the north of Sheet 86 is reached, where, on the north 
of the Humber, marine gravel with the Cyrena occurs at Kelsea 
Hill and at Paull (Paghill) Cliff, both a few miles east of Hull; 
but on the Lincolnshire side of the Humber, at Kirmington (just 
where the broken line extending northwards a few miles from the 
Lincolnshire coast makes a short westerly deflection in the north of 
Sheet 86 of Map 5), Mr. Rome and I found united valves of the 
marine and estuarine shells Scrohicularia piperata and Mytilus 
edulis imbedded in a brick-clay, from which we learnt that mamma- 
lian remains had been also obtained. Although the Cyrena was not 
with these, I feel little doubt of this clay being a part of the for- 
mation, and corresponding to the gravel with Cyrena in Holderness 
in the same way that the brick-clay of the Nar (in which also no 
trace of the Cyrma has been detected) corresponds to the gravel 
with Cyrena at March. Its elevation appears to be somewhere 
between 80 and 90 feet. 

The section of this Cyrena-gravel afforded by the Kelsea Hill 
ballast-pit near Hedon Station, when I drew it in 1867, is shown at 
page 713; and the section at one part being more than 30 feet high, 
and the Cyrena-valves present nearly to the top, it shows this gravel 
here to reach the elevation of about 55 feet above O. D. These valves 
are here also in association with marine shells only; and, as is the 
case at March, none of the valves are joined, as they frequently are 
in the freshwater parts of the formation, thus showing that they 
have been transported by river-floods into the sea-bed. Along the 
Holderness coast-section, where it is shown in figs. XLVI. to XLIX. 
by bed ®, the greatest elevation of this gravel seems to be from 75 
to 80 feet above the beach, or say 90 above O. D., dying out against 
the highest parts of the Purple Clay, D, which seems to have formed 
low islets in this grayel-sea. I am not, however, aware of any 
shells having been obtained from it in the Holderness Cliff. 

At Hessle, where it is also unfossiliferous, it rests upon a clay-pan 
which is strongly ripple-marked (see fig. XLV.) and which overlies 
rubble with mammalian remains that rests on the Chalk. Here, 
again, we have good evidence of the gravel having been accumulated 
under a redepression, which first caused a land-surface to become 
covered with mud, which was left dry and ripple-marked at low 
water, and eventually submerged it, so as to allow the sand ana 
gravel, &, laid down on this, to be deposited up to the level it reaches © 
in fig. XLIV. 

I have continued the broken line of Map 5 northwards on the 

3A 2 
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west of the Wold through Sheet 93 into 96, because the great 
plain of the vale of York is overspread with sand and gravel cor- 
responding in elevation to this, and which extends to the western 
foot of the Wold. Iam not aware whether shells have occurred in . 
it in this vale; but where it is here overlain by the clay of the 
minor glaciation it has, according to Mr. Dakyns (vol. xxviu. of the 
Journal, p. 382), yielded mammalian remains. The upper lmit 
of this seems to be somewhere about 100 feet, and the sand and 
gravel itself to die out beneath the clay of the minor glaciation, I, 
against the parting between the drainage to the Tees and that to the 
Humber. Near York it passes under this clay, and so continues 
northwards in the direction of this parting; but over the eastern 
side of the vale, between York and the Wold, it seems to be mostly 
uncovered by this clay. The gravel at corresponding elevation in 
the vale of Pickering appears to be of the same age, the sea having 
either overflowed this by entering from the vale of York through 
the gorge by which the Derwent flows outward from this Pickering 
vale, or by raising the water-level within this vale caused the Der- 
went to expand over it: but no trace of this gravel appears along 
the Yorkshire coast section, north of that shown in fig. XLIX., until 
the mouth of the Tees valley in Sheet 103 is reached *. Up that 
valley, however, sand and gravel corresponding to this which I have 
been tracing extends, rising to corresponding elevations on that side 
of the parting between the Tees and Humber drainage that the 
gravel of the Vale of York attains on the other, and similarly passing 
under the clay of the minor glaciation, though often uncovered by 
it ; and this, | understand, has yielded shells. Throughout both the 
Vale of York and that of the Tees this gravel rests on Glacial Clay, 
which in the latter varies in character, part of it consisting of lami- 
nated clay used for brick-making, which probably belongs to the 
earlier part of the major glaciation when the ice had not been de- 
flected, and the rest being the purple clay, D, both of these vales 
having been buried in ice throughout that glaciation. 

Northwards from this through Durham and Northumberland, 
from the information furnished to me by Mr. W. Topley, of the 
Geological Survey, I have learnt that a sand and gravel occurs in the 
preglacial valleys of which the broken line in Sheets 105 and 109 
of Map 5 follows the direction ; and this, which rests on a Lower 
Clay, is overlain by the clay of the minor glaciation, which, where 
it passes over the edge of the gravel, so as to rest directly on the 
Lower Clay, is not easily distinguished, though as a rule it is, as is 
the case in the north-west of England, much more sparsely supplied 
with boulders (and these for the most part of smaller size) than is 
the case with the Lower Clay. 

* This I state, however, on my own personal examination, only as far north 
as Scarborough; and whether any sand and gravel’ referable to that which I 
am describing occurs in the small valleys that open seawards from the eastern 
moorlands, I am unable to say. Some lenticular beds of gravel of small extent 
oceur 772 and under the Purple Clay along this coast-section, which lead me to 


the opinion, expressed ante, that the Purple Clay, though terminating under 
errestrial conditions, began by submarine extrusion. 
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i am not aware of any evidence to prove that in the vales of York 
and Tees this gravel originated in a redepression ; but, on the other 
hand, I know of nothing to suggest that the redepression, of which 
in connexion with this formation we get such clear evidence from the 
Thames to the Humber, did not extend to these parts of England also. 

The Upper Clay of Cheshire, Lancashire, and Cumberland, which 
in Stage VII. I refer to the minor glaciation, and connect with that 
thus overlying the Cyrena-formation in Yorkshire, is in most parts 
of the lower ground of the north-west of England separated from 
the clay of the major glaciation by sand and gravel, corresponding 
to that of the Cyrena-formation of the eastern side of England ; and 
this contains marine mollusca. Inasmuch, however, as the sand 
and gravel which (corresponding to that of the east shown under 
the letters ¢ and f ) was deposited after the retreat and disappear- 
ance of the ice of the major glaciation in the north-west contains 
molluscan remains, there appear to be no means of distinguishing the 
one from the other; and indeed, whether the redrepression extended 
to that part of England or not, the sea from the original great in- 
crement of depression in that direction probabiy continued to cover 
the lower elevations there; so that the redepression, if it extended 
to that part, would, owing to the abrupt way in which the plain of 
Cheshire and south-west Lancashire is bounded by the mountain- 
region, but very little enlarge the area thus remaining sea-covered. 
I have not therefore attempted to delineate by a line on Map 5 
the limit of the submergence of the north-west of England during 
the Cyrena-formation, as I have done that of the north-east; but 
the area which is shaded with very fine dots in that map to indicate 
the moraine of the minor glaciation there can differ, I think, but 
little from this limit also. 

As the clay of the minor glaciation, or Upper Clay, in the north- 
west (G' of fig. LIII.), contains marine shells which seem to have 
been introducéd in a similar way to those found in the clay of 
the major glaciation of that part of England (viz., by being dropped 
over the place where the moraine was undergoing extrusion beneath 
the sea by floe-ice bringing them from shore-lines), and as the 
corresponding clay of the north-east seems to be free from shells, 
and in other ways indicates that emergence from the depression 
I have just traced took place before it was laid upon the Cyrena- 
formation, the middle sand must reach to elevations as great as, 
and probably greater than, those to which the part of this Upper 
Clay of the north-west which contains shells reaches. My im- 
pression has been that in the shell-bearing condition this clay was 
confined to low levels, such as that of Blackpool Cliff, Mersey 
Docks, &c.; but Mr. Shone speaks of it as in this condition reach- 
ing the elevation of 600 feet at Macclesficld * and Arnfield. 

If such really be the case, this would conflict considerably with 

* Mr. Darbishire, in vol. ii. p. 41 of the Geol. Mag., calls the clay at Maccles- 
field “ Lower Boulder Clay ;”’ and as the bed on which the gravel at the ceme- 
tery which yielded him the shells he there describes from thence rests, he says, 


at 600 feet elevation, on clay, I presume that this must be the Lower instead of 
the Upper Clay. 
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the features in the east; for not only would it show an emergence 
of near 600 feet during the formation of that clay (the bed u of 
fig. LII., and the general distribution of the beds which succeed 
the upper clay in Lancashire showing that at its close the north- 
west had emerged within 20 or 25 feet of its present level), but if 
the evidences of land-surface beneath the middle sand which have 
been offered by geologists are reliable (of which I am not satisfied, 
however), it would show a previous resubmergence to such an extent 
as to have again brought the north of England to an insular state, 
altogether separated from the south, for the water-parting between the © 
Trent and Weaver systems is below 400 feet. I therefore think it 
probable that the cases mentioned by Mr. Shone must be those of 
the Lower Clay, in which some local division by a sand intercalation 
gives rise to the idea that the Upper Clay is present. 

As regards the evidences of redepression in the north-west, it does 
not appear to me that those at Oldham offered by Mr. Hollingsworth 
in the 37th volume of the ‘ Journal,’ p. 713, are sufficiently clear to 
justify my quoting them in support of this redepression; but 
Mr. Mackintosh informs me that the middle sand of the north- 
west is underlain by peat-beds near Crewe, at an elevation of be- 
tween 150 and 200 feet. This would well agree with the evidences 
of resubmergence in the north-east; because it is probable that the 
very great increment in that direction of the original submergence 
described in Stage IT. may have left the north-west still submerged 
at low levels when the de] ression of the stage I am now examining 
commenced; but Mr. Kendall, in the same volume (p. 38), gives 
several instances of beds of peat reached in borings in West Cumber- 
land and North Lancashire, which, if connected with this redepression, 
would, as they occur beneath the present sea-level, indicate a com- 
plete emergence of the north-west previous to this stage. They, 
however, appear to me, from his maps and figures, to be ali posterior 
to the Upper Clay, except the instance at Lindal, which seems to 
occur beneath near 100 feet of glacial clay, and to occupy an eleva- 
tion of about 150 feet, thus agreeing with Crewe. I, however, agree 
with Mr. Kendall that we cannot be sure that this may not be due 
to transport during the major glaciation, rather than evidence of a 
land-surface tn situ; for I have seen beds of peat some feet in thick- 
ness and of considerable length interstratified in the marine Till of 
Cromer; and the 100 feet of clay which overlies it is by no means 
consonant with the normal thickness of the Upper Clay in Lanca- 
shire. 

Having now traced the redepression of the east side of England 
as having brought the sea-level in Suffolk to between 40 and 50 
feet, and in Essex to at least 30 feet above the present, and in the 
country around the Wash to a similar elevation, from whence north- 
wards the depression increased so as to bring this level up to 
nearly 100 feet, the question presents itself, how is the volume of 
water which under such circumstances occupied the Thames valley 
reconcilable with this, if such water was fresh? In that con- 
nexion I would first observe that, so far as J am aware, there is 
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nothing in bed ¢ 4 in this valley to indicate that the water at the 
time of its accumulation was fresh,—at any rate perennially fresh ; 
and it is this bed only which from the elevation it attains offers any 
indication of a volume of water having occupied the Thames valley 
yery much in excess of that at the present day; for if we compare 
the height reached by that part of ¢ 3 at Grays which contains shells, 
with the bottom of the Cyrena-river there, shown in figs. XXI. and 
XXII., the probable volume would not exceed that of the present 
river at Northfleet, where, when my father was a sailor, fresh water 
for the China voyage was taken in from the Thames itself; while 
the flatness of the fall, and the greater distance of the sea-water 
from Grays during the formation of g 2 than it now is from 
Northfleet, which the features of the Clacton section show, seem to 
me to remove all difficulty in this question, so far as beds 1, 2, and 
the lower part of 3, at Grays, Erith, Crayford, and Ilford, are con- 
cerned. As regards ¢4, and the upper part of ¢ 3, if fluviatile shells 
have occurred in them, the fact has not come to my knowledge, nor 
should I, when the great flooding of the country at that time is 
considered, regard it, if it did, as a difficulty*. The bed 
@ 4 at Clacton is unfossiliferous; but from its transgressive 
position, and its evident succession by increasing depression to the 
bed ¢ 3 there, with its marine or estuarine shells (notwithstanding 
that some denudation of the edge of ¢ 3 seems to have occurred 
during this movement), we cannot question its having been due to 
this redepression. The deposit, however, changes from the clay and 
sandy loam of @ 2 and 38 to gravel with which loam is inter- 
mixed; and this seems to me to conspire, with the form of brick- 
earth with bands of race which 4 assumes within the present 
Thames valley, to show that the later part of this depression was 
accompanied by a refrigeration of climate consequent on the approach 
of the minor glaciation described in Stage VII. This approach, as 
well as the wane of that glaciation, seems to have been accompanied 
by great flooding of the land ; for the gravel g, which accumulated 
during that stage, passes up into brickearth in a similar way to 
that in which ¢ 3 of the Cyrena-formation does; and other 
phenomena described in that stage point to this flooding having 
occurred at the close of this glaciation. If this was the case when 
the Cyrena-depression was extending the sea-water up the eastern 
valleys, the effect might have been to render that water uninhabi- 
table by mollusca, whether marine or freshwater. Something 
evidently caused the disappearance of both kinds of mollusca at 
Clacton before bed 4 accumulated there; and the mixture of loam 
with the gravel of that bed is suggestive of freshets filling the rivers 
and estuaries with a great quantity of mud, which, in the more sea- 
ward position of Clacton, was intermixed with a large quantity of 
stones by coast-ice from shores formed of gravels c and f, but which, 


* Prof. Morris, in a notice of the Grays brick-pits in the Geol. Mag. for 1867, 
p. 63, speaks of the “brown clay” over the false-bedded sand ¢ 3, which I 
call # 4, as yielding no fossils; and he doubts the fluviatile origin of both that 
and part of the sands it rests on. See, however, note at page 741. 
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higher up the Thames valley, was precipitated so much more pro- 
fusely as to form the brickearth which there represents no. 4, and 
in which stones are in very subordinate proportion. 

This depression necessarily raised the water-line of all the rivers ; 
and the effect of it appears to me to be shown by the gravel of the 
Wey, at Peasemarsh (near Guildford in Sheet 8), and that near 
Dieppe on the I rench coast overlying a bed of peat as described by 
Mr. Godwin-Austen in the 11th volume of the ‘Journal, p. 112; 
and in the upper part of the Thames system the river-gravel of 
the present stage must generally be undistinguishable from g, 
because the rise of the land during Stage VII. (in a pause of which 
the gravel g and the shingle at the foot of the buried cliffs of 
the south were formed) brought the water-line back again to the 
same level, or nearly so, as that at which bed 3 of the Cyrena- 
formation began to accumulate. We see this by the features of the 
Grays and Crayford sections (figs. XXI. and XXXII.), and by that 
of the Ilford section (fig. XXV.) more clearly still; for there, in 
the Uphall field, the gravel g overlies the Cyrena-beds 2 and 3, 
which had in the interval been disturbed and denuded, so that 
this gravel spreads over their inclined edges, while the London-road 
field (fig. XX VI.), being at a higher level than the Uphall, and than 
that to which gravel g attains east of London, shows the Cyrena- 
formation not covered by that gravel but by the coeval formation y 
instead. If it should chance that reindeer-remains were found in 
the gravel g in the Uphall field, or in the bed y of the London-road 
field, the discovery would probably be announcedas one in the Cyrena- 
formation ; whereas it would be in one separated from that by the 
latter part of the time involved in the depression which I have 
traced, by part of that reelevation which, in Stage VII., I am about 
to trace, and by the change in climate caused by the incoming of 
the minor glaciation; and it is in this way, I apprehend, until the 
contrary be clearly shown, that the gravel at Oxford, of which 
Prof. Prestwich speaks as containing Reindeer-remains at the same 
elevation above the river as that which has yielded the Cyrena, may 
be thus quite distinct from it*. Perhaps, also, some of the patches 
of gravel in the valleys of the Wealden area, that are at higher 
elevations than the general outspread near the rivers which seems 
to belong to Stage VII., may be remnants of the deposits of these 
rivers when their water-line was raised by the depression of the 
Cyrena-formation. 

As regards the evidences of this redepression southwards from the 
Thames, they are, though more obscure, I think to be traced. 

A range of sections showing old cliffs with beaches at their foot, 
and buried under the accumalations described in Stage VII., have 
occurred on both the French and English sides of the British 
Channel, and been described by geologists in the Society’s ‘ Journal ’ 
and elsewhere; viz. at Sangattet, at Brighton +, at the Isle of Wight 


* See, however, note at page 741. 
+ By Prestwich, in vol. vil. p. 274, and vol. xxi. p. 441. 
+ By Murchison, in vol. vii. p. 365, and A. Tylor, in vol. xxv. p. 79. 
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Foreland”, at Portland +, and at Sili Bay in South Wales+. Gravel 
and sand is spread over the low ground which, beginning at Brighton, 
extends westwards over a gradually widening area between the 
coast and the South Downs, in Sheet 9, into apparent inosculation 
with the gravel at a nearly corresponding level which occurs through - 
the south of Sheets 11 and 15, and to which I have already adverted 
in connexion with the Bournemouth plateau in tracing the emergence 
from the great depression (see anté, p. 688). This sand, in which he 
found marine shells, an Echinoderm, a Cirriped, and some Forami- 
nifera, all of species living in the British Channel, Mr. Prestwich has 
regarded as of the age of the Brighton beach$; but as the places where 
he describes it, viz. Avisford and Bourne Common (from the former of 
which he obtained these organic remains), are respectively, he says, 
at 100 and 140 feet elevation above O. D., and the Brighton beach 
is only from 10 to 12 feet above the existing one||, I fail to see this, 
especially as these places are about midway between that beach and 
the one at the Foreland or Eastern end of the Isle of Wight, 
described by Mr. Codrington (and shown in fig. LV., copied from 
his figure), where the top of the shingle at the cliffs’ base is at 
only 60 feet above O. D. 4]. All these beaches appear to me to have 
been formed during a pause in the rise from the depression I have 
been tracing, when the land became stationary, and the gravel g 
described in Stage VII. accumulated ; for it seems to me an impossi- 
bility that cliffs in yielding strata, such as the chalk of the 
Brighton one, or the marl of the Foreland one, can survive a sub- 
mergence—the action of the sea during which must inevitably be to 
plane them off; while during emergence cliffs cannot form, because 
the sea is receding. It is therefore only at the upper limit of a 
submergence, or during a stationary period, that such cliffs can be 
formed; and these, unless protected (as the cliffs in question have 
been by becoming buried under a peculiar formation), would be soon 
obliterated by atmospheric agency. Thus, I think, we may conclude 
thattheSouth of England has never been submerged since the Brighton 
and Foreland beaches were formed, unless it were after they re- 
ceived the envelope of materials under which they are buried, which 
is not applicable to the present contention, or even suggested. 

It was before these beaches came into existence that the Avisford 
and Bourne-Common sands were, in my opinion, accumulated up to 
elevations of 140 feet; and these appear to me to indicate the sub- 
mergence of the South Coast during the Cyrena-formation, though 
I cannot point to any actual evidence of re-submergence connected 
with them, or to the presence of the Cyrena in them. 


* By Codrington, in vol. xxvi. p. 541, of whose section fig. LY. is a copy. 

+t By Prestwich, in vol. xxxi. p. 36. 

t By same, in Brit. Association Reports for 1880, p. 581. 

§ Quart. Journ. Geol. Soc. vol. xv. p. 219. 

| Ibid. p. 220, and vol. xxviii. p. 38. 

€ Avisford is in the south-centre of Sheet 9, 20 miles west of Brighton, and 
23 E.N.E. of the Isle of Wight Foreland ; and Bourne Common is due west of 
this, and on the division of Sheets 9 and 10, 53 miles west of Brighton and 14 
north-east. of the Foreland. 
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The same movement of depression, however, carried the salt water 
on the French side up the Somme valley as far as Abbeville, and gaye 
rise to the sand and gravel with marine shells in which the Cyrena 
occurs at Menchecourt, the upper part of which, according to Prof. 
Prestwich’s sections in the ‘ Philosophical Transactions’ for 1864, 
seems to be about 85, and the lower about 35 feet above O. D. 

M. Rutot refers this sand and gravel to a depression of the 
Somme valley causing a reentry of the sea there*, and states that 
it is overlain by clayey bands containing in their midst sand with 
freshwater shells only (being the reverse of the feature disclosed by 
Clacton) ; and he attributes this to the reelevation of the valley; but 
inasmuch as an elevation of the land would convert the central or 
deeper part of a saltwater estuary, rather than the shallower sides 
of it, into a freshwater river, and it is on the sloping sides of the 
Somme valley that the bed thus passing up from a salt to a fresh- 
water condition occurs, it seems clear to me that it could only have 
arisen from that augmentation in the volume of the fresh water 
which I have traced in the case of the Cyrena-formation in the 
Thames valley. It is the gravel occupying the centre of the Somme 
valley, beneath the modern peat, to which the reelevation gave rise, 
that corresponds, in my view, most nearly to g of my figures. This 
elevation brought the sea-level down to that of the beaches of the 
buried cliffs ; but the gravel beneath the peat descends below this 
level at Menchecourt, because it occupies the centre of the old 
river-bottom. 

On the shore at Selsea in Sussex, 10 miles south, and seaward of 


the line of submergence thus indicated by the Avisford and Bourne-_ 


Common sand and shingle, and midway between those two places, 
but at full 120 feet less elevation (for it is washed by the sea at high 
water), occurs a bed of mud rich in marine mollusca, with which 
mammalian remains have also occurred. This bed is described by 
Mr. Godwin-Austen fT as overlain by the clayey gravel with great 
blocks of hypersthene rock described in Stage VII. as a formation of 
the minor glaciation, and shown in fig. XLII. by the letter G; and 
a list of the mollusca from it have been given by him and by Mr. 
Dixon ¢, to which Mr. Alfred Bell has made many additions $. 
The whole form a remarkable group, showing on the one hand, by 


* Bulletin de la Société Royale Malacologique de Belgique for 1881. Prof. 
Prestwich also, in his memoir in the Phil. Trans. for 1864 (p. 284), shows the 
gravel with Cyrena and marine shells at Menchecourt as underlain by sandy 
marl containing chiefly land and freshwater shells. This indicates that a 
change of the ancient Somme from a freshwater to a marine condition took 
place by the depression which I have traced, just as Clacton does for the 
ancient ‘Thames system. 

t+ Quart. Journ. Geol. Soe. vol. xii. p. 40. 

+ Geology of Sussex, Ist edit. p. 15. 

§ These, according to a list furnished by Mr. Bell to my late father, in my 
possession, are 25 in number, making with the species mentioned by Dixon and 
Godwin-Austen, and one by S. P. Woodward (in MS.), a total of 79, after 
deducting six repeated synonymously, there being some obsolete names in 
Dixon’s list. The whole 79 are species living on the south coast of England, 
except the two mentioned in the text as confined to the Lusitanian coast. 
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the presence of two species, Lutraria rugosa and Pecten poly- 
morphus (which are Lusitanian species not now ranging into 
British seas), and by the general character of the shells, a somewhat 
warmer sea than now washes the Sussex coast; and on the other, 
by the absence of any species not known as living in the British or 
Lusitanian seas, a much more modern origin than the Upper Crag, 
or even the lower part of the sand 6 7, or the Bridlington or Dim- 
lington beds; all of which do contain Crag species not known as 
living ; while the absence of such species as Astarte borealis (arctica) 
found in the gravel 6’, and other Arctic species found in the clay 
of the great glaciation, where that was of submarjne extrusion, 
equally remove the bed from any connexion with the period of the 
major glaciation. It appears to me that this bed coincides nearly 
with the base of the Cyrena-formation in the Thames valley, and was 
formed at the beginning of the redepression under which that 
formation took place, having accumulated before the invading sea 
reached the Avisford and Bourne-Common level; the Lusitanian 
character of the mollusca, which distinguishes it from what I regard 
as the nearly synchronous gravel of the Wash country (the mollusca 
of which, though all living on this side of the Atlantic, comprise four 
species confined to the sea north of the British Isles *), being due 
to the intervention of the isthmus between Kent and France, 
which was then in existence. 

Upon the effect which such an isthmus would produce in this way, 
I need not enlarge, as it is obvious to geologists, and its existence 
subsequently to the great glaciation 1s generally conceded; but the 
tew shells and other organisms found by Mr. Prestwich in the sands 
at 100 feet elevation at Avisford, furnish no indication of that 
warmer sea which the Selsea shells do; and they, in my view, 
accumulated at the culmination of the depression that preceded the 
minor glaciation, and when the Selsea bed had twenty fathoms 
water over it, the deposit corresponding to the sand of Avisford 
which accumulated there having been removed by the waves during 
emergence. The approach of the minor glaciation was then re- 
frigerating both sea and land; but whether the disappearance of the 
southern shells from the Sussex coast was due to this refrigeration 
alone, or to its being accompanied by the letting in of the North 
Sea by the submergence of the isthmus, may be left to conjecture, 
though the character of the existing English fauna, especially the 


* The gravel of Kelsea Hill has yielded only two of: these shells, that of 
March all four, and the Nar brickearth only one. The rest of the shells from 
all the marine beds in Norfolk, Cambridgeshire, and Yorkshire, which I refer 
to the Cyrena-formation, still live in British seas. Three of these four, viz. 
Pleurotoma pyramidalis, Astarte borealis, and Tellina lata (calcarea), are given 
in Mr. Shone’s list, p. 394 of vol. xxiv. of the Quart. Journ., as occurring in the 
upper boulder-clay of the north-west; the rest of these shells in that clay, ex- 
cept the Arctic species Natica affinis (clausa), still living in British seas. The 
fourth, Trophon scalariformis, he gives with Astarte borealis from the Middle 
sands of the north-west (the Cyrena-formation), in association with species’ 
all still living in British seas. Space does not allow me to give lists of the 
mollusca from the various beds examined in this memoir. 
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reptilian part of it, points rather to the insulation of England having 
taken place subsequently to the minor glaciation. 

By permission of Mr. Godwin-Austen and of the Council, I here 
give the woodcut from his paper. 


Cut i.— Diagram section showing the general relation of the Newer 
Tertiary deposits of the Sussea levels. 
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Two things contribute to show that this Selsea bed (e¢ of the 
diagram) was not due to the retiring sea of the great glaciation— 
one the presence of shells, the beds of that glaciation in Hampshire 
being destitute of them; and the other the fact stated by Mr. 
Godwin-Austen, and shown in his diagram section, that this bed is 
unconformable to the gravel of the Hampshire inlet, termed by him 
the *‘ lower red gravel,” and corresponding to f of my figures, of 
which I have traced the emergence. 

This unconformity, if it do not prove redepression, is at any rate 
very consistent with it; and the presence of mammalian remains 
associated with the marine Mollusca in this bed is much more con- 
sistent with its accumulation when near to land, and covered by no 
great depth of water, than when the sea was more than twenty 
fathoms deep over it, and the shore at least nine miles to the north 
of it, as it must have been when the Bourne-Common and Avisford 
beds accumulated. 


The position occupied by the group of beds in the foregoing dia-— 


gram section relatively to the gravel of the great submergence and 
major glaciation, 6’, c, ¢, aud f, is shown in fig. XLII. of the plate, 
if the bed G in that figure be (for this purpose) taken as indicating 
the whole group. 
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The sands which are thus more or less fossiliferous in the 
littoral part of Sussex, in Sheet 9, and which may perhaps 
be represented by the bed of shingle on Portsdown Hill (in the 
south-east of Sheet 11) at the elevation of 125 feet, described 
by Prof. Prestwich in the 28th vol. of the Journal, do not 
seem recognizable in the corresponding part of Hampshire, in 
Sheets 11 and 15; the gravel and sand of that county being, so 
far as I know, all of that unfossiliferous character which marks 
the gravel and sand of the great submergence and the recovery 
theretrom (0’, ¢, e, and f) everywhere except in the north-west of 
England and the Severn valley; but as South Hampshire must 
have participated in the same redepression as Sussex, we must infer 
that the sands deposited there by the sea in question up to the level 
which this reached at Avisford have either been removed, or else 
are undistinguishable from the gravels of the original submergence 
and the recovery therefrom (¢ and f), which in level correspond to 
the upper limit of this redepression, in the same way that much of 
the Cyrena-formation in the Thames valley is so mixed up with the 
gravel, 7, there, as (where unfossiliferous) to be undistinguishable 
from it; the gravels of the great submergence, which thus in Hants 
range almost continuously from the level of 150 up to 419 feet, 
being, curiously enough, absent, so far as I know, in Sussex. There 
appear also to be no means of ascertaining whether any of the sand 
and gravel with marine shells in the Severn valley represents the 
stage of redepression now under consideration; but as these shells 
comprise, according to Mr. Maw *, Astarte borealis and Tellina lata 
(calcarex), Arctic and glacial species, which, though present in the 
gravel of this stage in Cambridgeshire, have not been detected among 
the shells from the Sussex sands or from the Selsea bed, the proba- 
bility is rather against such being the case. 

‘he resubmergence to which the Cyrena-formation as thus traced 
was due, does not in its increment follow altogether the direction of 
that of the great submergence; for, while that increased northwest- 
ward and southwestward from East Norfolk and North Suffolk, this 
appears to have increased westward and northward from Kent; and 
while the former accompanied the major glaciation, the latter seems 
to have preceded the minor. Except for this, since the greatest in- 
crement in both cases was in the direction of the mountain-districts, 
and the small extent of the minor submergence corresponds to the 
small amount of the land-ice which the morainic formation of the 
minor glaciation indicates, the view that the submergences were due 
to the pressure of the land-ice which accumulated on the mountain- 
districts would be quite borne out, though the final depression of 
England indicated by the submerged land-surfaces mentioned in 
the sequel can have been due to no such cause. 

The position of the Cyrena-formation in the Thames valley below 
London, when examined in connexion both with the gravel f and 
the gravel g, shows that this part of the valley and the corre- 
sponding part of the Lea valley has been subjected to much dis- 

* Quart. Journ. Geol. Soc. vol. xx. p. 140. 
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turbance since that formation, by which, it seems to me, the denu- 
dation was induced which has removed the greater part of it there: 
and in order to enable this to be seen, | have given the many lines 
of section across this part of the valley which are contained in Plate 
XXVI. A consideration of all the features thus disclosed will, I think, 
show also that this disturbance with its resulting denudation was 
renewed after the accumulation of the gravel g. Such disturbance 
with denudation of the bottom seems to be the usual accompani- 
ment of any general movement of upheaval; for in the case of that 
great one which took place during the major glaciation, it gave 
rise to the rectilinear upturn of the Hogsback, which placed the 
gravel b’ in the position shown in fig. II., and to that of the Isles 
of Wight and Purbeck, which placed the same gravel in the posi- 
tion shown in fig. IV. *; while in the case of that minor one which 
took place during the Cyrena-formation, and the minor glaciation 
which followed this, it gave rise to the disturbances I am about to 
trace. 

In Sheet 1 (see Map 3) there is on the south side of the Thames, 
between Greenwich and Erith, neither gravel nor brickearth of any 
kind above the marsh alluvium, except the isolated patch of the 
Cyrena-brickearth in Wickham Lane shown in fig. XX XIII., and the 
trace of this on the chalk in fig. XX XIV.; while both to the east and 
west of those places gravel rises to elevations exceeding 100 feet 
(see figs. XX XVII. and XXXVIII., and figs. XXI. and XXII). 
Between Greenwich and Erith, where the beds f, », and g are thus 
absent above the marsh, the Lower Tertiaries below it are known 
to be faulted ; and this is probably the case also between Crossness 
and Wickham Lane in fig. XX XIII. The connexion of the grayel 
with these faults is concealed by the peat and marsh clay, except at 
Charlton ; and there the disturbance connected with these faults 
brings up the chalk bare of gravel, not only on the south side of the 
river, but in the south side of its bed, though the northern half of 
the river-bed here, like the northern shore, is gravel-covered. Over 
the whole northern side of the valley corresponding to this deficient 
southern part, the gravels g and f (and so much of the Cyrena-for- 
mation, @, as may be left: there) spread in a continuous sheet up 
to the elevation of 100 feet and more (see figs. XXXIII. and 
XXXVIII.), and no terrace, save such as g and » make in fig. 
XXXVIII., can be detected. East of this, in the part crossed by 
the lines of figs. VI. (see plate to first part of this memoir), XX1I., 
and XXII., @ lies in a well-defined terrace below f, with g in a 
terrace below and up to ¢; but more frequently ¢ is absent, and its 
place occupied by g lying (up to the level of from 25 to 30 feet above 
O. D., which it reaches here) in a terrace below f, as shown at the 


* Also to that continuation of the Wight and Purbeck upturn which is 
Pte in Prof. Prestwich’s Weymouth section (Quart. Journ. Geol. Soe. vol. xxxi.), 
where the gravel on the Tertiary over the chalk is shown cut off at this upturn, 
as it is in my figs. II. to V. 

+ De la Condamine, in Quart. Journ. Geol. Soc. vol. vi. p. 441, and vol. viii. 
p. 193. 
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eastern end of fig. XXI. and in fig. XXIX. The valley of the Mar- 
dyke, however, both where it cuts sharply through the gravel f as 
well as where it spreads out to form the flat ground below the gravel 
escarpment crossed by fig. XXIX., is destitute of gravel, sand, and 
brickearth, though it is below the level reached by g, and all this 
gravel escarpment drains to it. 

From Fobbing eastward, as far as Southend, a space of ten miles 
on the north side of the river is entirely destitute of 7, ¢, and g, alike 
down to the river-bed, neither brickearth nor gravel, save the small 
patch of ¢ at Hadleigh Common, in fig. XXX., occurring there ; and 
this denuded space is continued north over the water-parting between 
the Thames and Crouch, the valley of which last-mentioned river, 
like that of the Mardyke, is destitute of gravel, though the small 
patch of gravel 7, shown in fig. VI., at Dunton Waylet, on the part- 
ing between the Mardyke and Crouch drainage, shows that both 
these valleys have been excavated out of a wide-spread continuation 
of the sheet of f, of which the scarped portion is only the remnant. 
See figs. VI., XXX., and XXXI. 

Over the aréa corresponding to this on the south side of the 
Thames, from Swanscomb to the water-parting between the Thames 
and Medway, in Sheet 1, which is formed by the range of London- 
Clay hills on which High Halstow (in figs. XXXI. and XXXII.) 
stands, there is asimilar absence; a patch of ¢ at Gravesend, a trace 
of it at Higham Station, and a patch of gravel at the Marsh-edge, 
one mile west of Higham, being all that I could find in this part. 
The other side of this parting, which slopes from High Halstow to 
the Medway, is, on the contrary, gravel-covered over its lower and 
medium elevations, as is the rest of the western side of the Medway 
valley in Sheet 1; and this gravel-covered slope is continued across 
the Thames-mouth and along the east side of Essex to the Black- 
water estuary, where it terminates in a point which bounds the 
denuded space which I have described as stretching from that estuary 
across Sheetl. The gravel slope of East Essex, thus continuing the 
Medway-gravel slope, is crossed by fig. XLI., which traverses also 
the wndenuded north and the denuded south sides of the Blackwater 
estuary valley, and should in that connexion be compared with fig. 
XL., which, crossing that valley to the west of the denuded space, 
shows both sides of it completely sheeted with gravel from b’ at 
366 feet at Danbury nearly to the sea-level. It seems obvious to me 
that all this denuded space must have been selectively subjected to 
disturbance, while covered with water of some kind that, in con- 
sequence of such disturbance, denuded it. 

The Lea valley, also, from Chingford to Broxbourne, 7. ¢. throughout 
nearly all the northern half of Sheet 1, is, on the east side, destitute 
of gravel or brickearth down to the Marsh-edge ; while on the west 
side it is sheeted with gravel from the Marsh up to elevations which, 
northwards, exceed 150 feet (see Map 3 and fig. XXXIX.). A 
comparison of these features of denudation with those shown in. 
Mr. Codrington’s map of the South-Hants gravel-area indicates to 
my mind that a similar selective denudation has taken place there. 
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And of those geologists who attribute such features to atmospheric 
agency, | would ask, Why does that agency, which 1s common to 
the whole surface, operate in this selective way, removing gravel 
and brickearth from great spaces and leaving it intact in others, the 
formation on which these rest in both parts being the same? Not 
only has the denuding agency so operated, but it has, along with the 
removed gravel and brickearth, carried off considerable thicknesses of 
the formation on which these rested, though of the diverse character 
which clay, marl, sand, and chalk present to the denuding action. 

Thus, it appears to me, both the Cyrena-formation and the gravel 
g have, within the eastern part of the Thames valley, been subjected 
to much disturbance. This, when that valley was covered by water 
up to the elevations at which remnants of ¢ 4 occur (which is 
near 100 feet at Grays, and quite that by Dartford Heath, and pro- 
portionately higher west of London and up the Lea valley), began 
with the rise from the depression which I have traced in this stage, 
and throwing this water against the east side of the Lea valley, 
washed away from there the gravel f, on which the Cyrena-formation 
had rested, as well as that formation also; and’ acting upon the 
wider space described in the east of Sheet 1*, washed this away 
from that part also. A similar disturbance, repeated after the pause 
in the rise had allowed the gravel g to accumulate, washed away 
that gravel also from the same areas, at least above the present 
Marsh-level; and looking at the wide spaces from which the sand 
and gravel within the limit up to which the depression of the 
Oyrena-formation must, in South Hampshire, have extended, to cor- 
respond with its position in Sussex, has, according to Mr. Codring- 
ton’s map and sections, been removed, much of this disturbance and 
denudation must have prevailed in that area also. 

The formations which were accumulated during the rise from the 
redepression just traced, and during a stationary period due to a 
pause in such rise, I proceed to trace in Stage VII. 


Stage VII. The Minor Glaciation, or Reindeer-Period. 


In the Journal of the Society for 1868, p. 846, Mr. Rome and 
I brought to the notice of geologists that in East Lincolnshire and 
Yorkshire there occurred a clay differing in character from the 
general mass of the glacial clay of that region, and which latter the 
Holderness-Cliff section showed it to wrap like a cloth. For this, 
as the word “‘ Upper Boulder-clay ” was misleading, from its having 
been applied to the Chalky Clay to distinguish that from an anterior 
bed, we proposed the name of the “ Hessle Clay,” from its best-known 
section occurring at Hessle, four miles west of Hull. From the sub- 
angular condition of the chalk débris in this clay, so different from 
the very rolled character of that débris in the Basement Clay (B of 


* The water seems also to have been thrown against the eastern side of this 
space both north and south of the Thames, see figs. XXX. and XXXI. It is im- 
possible to say to what extent sand representing part of the Cyrena-formation 
may have escaped this denudation, and be mixed up with the gravel f shown in 
the lines of section which I have given across the Thames and Lea valleys. 
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figs. XLVI. to XLIX.), wherein it is incomparably more abundant, 
and from that in the Purple Clay (D of the same figures), it is clear 
that the Hessle Clay had in some way a different origin from either of 
these, from which also it is usually separated by the Cyrena-forma- 
tion, except where it rises to elevations above those to which the 
submergence in which this formation originated reached, or where 
it has cut out that formation (see I of figs. XLIII. to L.). 

Wrapping the clays of the major glaciation thus in Holderness, 
the Hessle Clay also extends down the coast-region of Lincolnshire, 
covering the low ground east of the Wold nearly to the Wash™, 
being there, as borings have disclosed, underlain by gravel, which 
seems referable to the Cyrena-formation; but it makes no ap- 
pearance either on the Wold or in the country west of the Wold in 
that county, whether at high or low elevations. To the north of the 
Humber it spreads over South and Central Holderness, ceasing in 
northern Holderness at the point where its place is taken by the 
considerable accumulation of sand with some included gravel, shown 
in fig. L. by the letters Ty, and which at its southern extremity seems 
to pass over the edge of this clay. 

The deep section of sand and gravel wherein the Cyrena abounds, 
in association with marine Mollusca, at Kelsea Hill in Holderness, 
was in 1867 to be seen overlain by the full thickness of this Clay, 
possessing exactly the characters of subangular chalk and small 
rounded boulders and stones which it has on the coast-section, 
as in the subjoined cut, taken from the paper of Mr. Rome and myself 
above mentioned. 


Cut iv.—Kelsea-Hill Ballast-pit in April 1867, Point A O on Map 5. 
West face. Angle of pit. South face. 
ea a ee EN 


1, The gravel with Cyrena fluminalis in association with marine shells (® of 
the plate). 2. The Hessle Clay. 3. Gravel, either rainwash, or / of fig. LVI. 
4. Talus. 

N.B. The gravel with Cyrena was found by borings to be underlain by a great 
thickness of the Purple (and probably also of the Basement) Clay. 


Though from my first knowledge of this clay I have referred 
it to a minor glaciation posterior to the great submergence and gla- 
ciation of England, and connected it and the gravel it covers with 
the beds exposed in the Cyrena-brickearth sections in the Thames 
valley, yet I have attributed its formation to marine agency and 
coast-ice, and opposed the view of Mr. James Geikie that it was a 
product of land-ice and terrestrially accumulated. And in that 
view I have been supported by Mr. Jukes-Browne, who has traced 
this clay a few miles further south than Mr. Rome and I did. I 


* A patch of sandy clay on the gravel of Stage VI. at March may belong to 
the Hessle Clay, as this clay becomes more sandy in that direction ; and if so, 
would show that this clay reached a little south of the Wash. 
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have, however, come to see that Mr. Geikie was right in his conten- 
tion, being led to this partly by the absence of any trace of mol- 
luscan remains in this clay, but more particularly by a consideration 
of the areas over which it occurs. As regards the first point, viz. 
the absence of shells, this formation is like the Chalky Clay; and it 
is, I think, clear that in the case of both clays this is due to the fact 
of the moraine which the clay represents not haying been extruded 
subaqueously ; while the opposite character, which marks the synchro- 
nous Upper Clay of the north-west as well as the Lower Clay of that 
region, is due to both these having been so extruded, owing to the 
abrupt way in which the submerged area was in that part of England 
bounded by the mountain-district. As regards the second point, the 
distribution of the Hessle Clay, I was perplexed by finding no trace 
of this north of Bridlington, from which place to Scarborough I 
closely examined the cliff; for it was clear to me that the Upper 
Clay of Filey, which at the ‘“‘ Brigg” (in Sheet 95) passes over the 
edge of the clay occupying the preglacial valley of Pickering, was 
not it, but the Purple Clay (D of figs. XLVI. to L.), with which it was 
continuous. Nor could Mr. Rome recognize it from Scarborough 
northwards until the coast-section begins to intersect the mouth of 
the preglacial valley of the Tees at Saltburn (on the western edge 
of Sheet 104). There, however, he found it; and together from 
that place we took up the examination again, finding the clay 
continuously westwards through the Tees valley up to Yarm (in 
the south of Sheet 103), and reaching to elevations of near 400 
feet, where, and down to elevations of about 100, it rested on 
the clay of the major glaciation ; but below this elevation it rested 
on the sand and gravel which I have referred to the Oyrena- 
formation. 

When I came analytically to examine all the phenomena con- 
nected with the subject of this memoir, I perceived that the presence 
of this clay up to such elevations against the northern flank of the 
East Moorlands, which forms one side of the Tees valley, and its 
absence at all elevations on the eastern flank * was inconsistent with 
a marine origin, and that the clay must be the moraine of ice issuing 
through this valley, and through that of the Humber, seeking the sea 
in its present position. 

The different character of its débris then became explicable ; for 
while from the height to which the ice must have risen within the 
Tees valley it collected there the same material in its moraine as did 
that of the Purple Clay (except the Shap blocks), though the boulders 
are fewer and generally of less size, the height to which it rose in 
the lower part of the Vale of York was so small that, following the 
centre of the valley, it passed there only over the Cyrena-formation. 
From this it collected much of its débris, and it was only after it 


* JT have (ante, p. 685) explained that the Upper and Lower Clays of the 
eastern valleys between Scarborough and the Tees seem to me to be like those 
of Filey cliff: but I have not, as I have in the case of Filey, personal observation 
onwhich to rely in stating that the Hessle Clay is thus absent further north than 
Scarborough. 
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arrived at the Humber-gorge, that it collected some subangular chalk. 
Then spreading out over the low ground of Holderness and that which 
skirts the seaboard of the Lincolnshire Wold, it enveloped those parts 
with a coat of moraine everywhere of small thickness, but thickest 
in the hollows, as it appears in the foregoing cut of Kelsea Hill, 
where the small boulders in it, other than the subangular chalk, 
appear for the most part to be derived from the coarse gravel-beds 
in the Cyrena-formation which it overlies. Thus this clay in Holder- 
ness and East Lincolnshire has scarcely any of that small angular rock 
débris with which the Purple Clay it often rests upon is crammed. 
What little it may have of this (and I never observed any) may well 
have been collected from the Purple Clay over which it passed. On 
the other hand, while chalk débris gradually disappears from the 
uppermost part of the Purple Clay where this is thickest, as in 
fig. XLVI., the Hessle Clay thus wrapping it has much chalk, but 
of the more subangular shape which distinguishes it from the rolled 
chalk of the Purple and Basement Clays. 

The Kelsea-Hill section given in Cut iv. p. 713, and figures XLVI. 
and XLVII. of the Plate, show the way in which this ice, thickening 
in depressions, has cut into and cut out the Cyrena-formation ®, and 
laid its moraine ([) in the parts thus cut out, as well as over @. The 
woodcut also shows the ridge-like arrangement of the beds described 
by Mr. Dakyns in the case of the same sand and gravel, where it is 
overlain by this Clay near York, as ‘“‘ dipping away from the crown 
of the arch” (p. 386 of vol. xxviii. of the Journal). This seems to 
have been caused by the lateral pressure of the land-ice in the 
hollows of the gravel. 

There is on the west side of the Humber-gorge a low tract occupied 
by alluvial accumulations of recent origin, which seems to have been 
a hollow excavated by this ice thickening there in consequence of the 
constriction caused by that gorge. 

Another important feature in this clay is the way in which, towards 
its southern extremity, it passes the mouth of the Stecping valley, 
and, as it were, peeps into it, making only a slight deflection so as 
to occur on one side of it only, and just at the mouth. Had the 
clay been an aqueous accumulation, it should stretch up this valley, 
just as the marine brickclay of the Cyrena-formation extends up the 
valley of the Nar. The accompanying cut, taken from the paper of 


Cut v.—Section across the Mouth of the Stecping Valley (from 
vol. xxiv. p. 163, line A P on Map 5). 


E.N.E. 
W.S.W. River North side Wold brow at 


Mavis Enderby. Hundleby. Steeping. of Ashby. Welton Mill. 


1. Jurassic. 2. Neocomian. 8. The Red Chalk. 4. The Chalk. 
a. The Chalky Clay, consisting here of reconstructed Chalk similar to that of 
the masses buried in the Contorted Drift of North Norfolk. e. The Hessle 


Clay. 
a2 2 
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Mr. Rome and myself, shows the mode of its occurrence in the mouth 
of the Steeping valley, a confirmation of which will be found in 
Mr. Jukes-Browne’s paper on the Hessle Clay in vol. xxxy. of the 
Journal, p.397. The distribution of the clay is shown on Map 5, 
wherein the place of this cut is indicated by the letters A P. 

The valley of the Steeping, in which the Hessle Clay thus lies, is cut 
out of the Chalky Clay that originally lay up the Wold, but was 
washed out, it seems to me, by the ice-water during the retreat of 
the ice of the major g elaciation, as Hescupemy in the first part of this 
memoir (p. 505). 

The thick outspread of sand with saat which intervenes between 
Bridlington and the northern edge of this wrapping of Hessle Clay in 
Holderness (Cy of fig. L.) may, I think, have resulted from the 
effluent water of this edge of the ice of the minor glaciation in 
the same way that the gravel and sand of West Norfolk described in 
Stage IV. resulted from that of the edge there of the ice of the major 
glaciation; and small pocket-lke patches of gravel which cut through 
the continuous cover of Hessle Clay along the Holderness Cliff, and 
are marked by the letters Ty in figs. XLVII. and XLIX., appear 
to me to have had their origin also from the water of this ice. 

I have already mentioned that the upper clay of Northumberland, 
Cheshire, Lancashire, and Cumberland is, in my view, the moraine 
of this minor glaciation; and all of it resembles the Hessle 
Clay in the small thickness of the formation compared with the 
clay of the major glaciation, in the paucity and smaller size of the 
boulders, and even in the red colour of the clay, though to what 
cause such a similarity of colour can be due it is hard to suggest. 
This identity is even further shown by the Upper Clay in Lancashire 
being frequently penetrated by vertical partings of cinereous colour, 
a character which is constant with Hessle Clay in Holderness, and 
which partings I could not perceive ever to occur in the Purple Clay 
where that forms the surface. The partings are of course due to 
atmospheric agency. 

The difference in conditions between the east and west sides of 
England during this minor glaciation is only the supplement to the 
important feature which throughout this memoir I have dwelt 
upon as the key to the whole question of the Newer Pliocene period, 
viz. the westerly increment of depression; and thus it is that while 
we find no shells in the Hessle Clay, nor any bed posterior to it 
on the eastern side which furnishes indication of any part of this 
side having at the close of that clay been below the sea-level*, we 
find both of these features in the case of the Upper Clay of the north- 
west, as described in the sequel. It appears to me that the land-ice 
in which this morainic clay originated did not extend so as to reach 
the sea until the greater part of the depression in which the Cyrena- 

* I found the Hessle Clay exposed in full section resting on the sand, , 35 
feet below spring-tide high-water mark in the Hull dock, when the excavations 
were in progress; and there was no more indication afforded by it in that 
position of a marine origin than there is at its highest elevations. This shows, 
I think, that the sea-level was at this time, in Holderness, 25 feet at least below 
the present. 


PLIOCENE PERIOD IN ENGLAND. 717 


formation originated had been recovered—at any rate in the eastern 
and southern parts of England—when a pause took place, and a 
stationary interval occurred in which the buried cliffs of the south 
coast were formed, and the gravel g accumulated. This brought the 
sea-level in the east to about the point at which it stood when the 
subsidence in which the Cyrena-formation originated began; and 
this, judging from the evidences of transit from freshwater to marine 
conditions at Clacton in Hssex, and Overton in the Fen-country, 
and the other phenomena examined in connexion with that forma- 
tion, was in the east somewhat below what is now the sea-level there; 
so that the rivers of Norfolk, Suffolk, Essex, and North Kent had 
further to travel to reach the sea than now, and their waters swollen 
by the melting snow in summer rose to that higher level than now 
which is marked by the upper limit of the gravel g in the Thames 
valley. At the same time the ice-streams from the Pennine which 
passed through the vales of York and Tees reached the sea at the 
same proportionately greater distance, but in the same direction as 
now ; that one which passed through the vale of Tees continuing 
eastwards, instead of turning south along the east side of Yorkshire, 
as it did during the major g elaciation, to form the Purple Clay ; and 
that one which flowed through the vale of York passing out. by the 
Humber, as it had, though in Shae greater volume, done, when at the 
commencement of the major glaciation it, from the inclination having 
been eastward, formed the Basement Clay of Holderness, instead of 
flowing southwards along the west of the Lincolnshire Wold, so as 
to overspread the eastern and east midland counties of England, 
as it did in forming the chalky clay, when, from the southerly and 
westerly inclination, the sea covered the southern, central, and 
western counties. 

In the north-west, when this minor glaciation began, the plain of 
Cheshire and West Lancashire was still submerged, though to what 
height seems uncertain; and there the moraine from that side of 
the Pennine entered it by submarine extrusion, and the ice-floes 
from the shore carrying away molluscan remains, some of which con- 
tain mud full of Entomostraca and Foraminifera, dropped them as 
it floated over these places of submarine extrusion, so that they 
became incorporated in the moraine. The small thickness of the 
moraine of the minor glaciation, and the paucity and small size of the 
boulders in it, when coupled with the indication which the distribu- 
tion of the Hessle portion of it affords that the ice-stream from 
which that portion originated was confined to the central parts of 
the vale of York, as well as the absence of Shap erratics from 
that portion which occupies the vale of Tees, conspire to show that 
the volume of the land-ice during the minor glaciation was small in 
comparison with that during the major. 

It now remains to examine what evidences this minor glaciation 
has left over the part of England which was beyond the limit to 
which the moraine of the land-ice extended; all of which, save to 
such extent as the north-west continued submerged, had now become 
land. ° 
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Pursuing what has been already said as to the extent to which 
the depression in which the Cyrena-formation originated had been 
recovered, and the pause in the rise took place which was thus coin- 
cident with the extension of the land-ice to the sea in the way just 
described, or, in other words, with the culmination of this minor 
glaciation, we find the buried cliffs of the south fall into their places 
at this point. ‘They all have marine shingle at their base; and in 
most of this shingle shells occur, all of living British species, save a 
doubtful Rissoa*. Over this shingle, in the cases of Brighton and 
Portland, angular and other boulders of chalk and stone have been 
piled by the pressure of the ice-floes on the shore during the 
minor glaciation, with which seams of loam containing land-shells 
are intermingled; and as the rise was renewed and the cliffs passed 
out of reach of these floes, they and these boulders and loam became 
buried under the peculiar terrestrial formation due to the atmospheric 
agencies of an arctic climate which I am about to describe, and which 
in my figures is shown, under the letter y, to correspond with the 
formations of synchronous but dissimilar origin shown under the 
letters T', G, G’, and g. 

In arctic countries, like Siberia, the soil is permanently frozen to a 
considerable depth, only the upper two or three feet of it thawing 
during summer. In this thawing part vegetation not only grows, 
but flourishes. It is obvious, however, that the part below remain- 
ing frozen is impermeable by water, so that, as this can have no 
escape vertically, it must convert the thawed layer into sludge; the 
tendency of which is to slide horizontally from higher to lower 
ground, thus accumulating more and more in depressions, and expo- 
sing more and more of the surface from which it slid to the opera- 
tion of this agency, and so keeping up the supply. The frost and 
thaw thus acting upon limestone-rock, which is partially porous, has 
split it up into angular fragments, which became dispersed in the 
resulting sludge ; and the same thing acting upon the flints in the 
chalk split them into splinters, which have become dispersed in like 
manner}. Inthecase of the major glaciation those islands of chalk 
shown in Sheets 46, 13, and 34 of Map 4, as not reached by the 
chalky clay, are covered with the atmospheric formation thus re- 
sulting during that period, which is the clay with flints ; and in the 
case of the pebble-beds of South Essex, shown in fig. VI. by the 
number VIII., and which became land at an early part of the 
emergence, this agency, while the land-ice filled the valleys shown in 

* Neither of the two peculiarly Lusitanian species of the Selsea bed occur 
among them; and the whole assemblage is the reverse in character of the 
Mollusca of that bed; for while the rest of the species there, other than 
these two Lusitanian, constitute an assemblage characteristic of our present 
south ‘coast, Mr. Jeffreys observes (Journal, vol. xxxi. p. 52) that the shells 
collected by Mr. Prestwich from the beach at the foot of the buried cliff at 
Portland “are rather northern than southern ” in their type. 

t This slide of the soil-cap takes place now in Patagonia from the wetness 
of the climate alone, according to Dr. Coppinger, in vol. xxxvil. of the Journal, 
p. 348. A fortiori, would this go on under the conditions described in the text ; 


while wetness of climate would not rupture the limestone into fragments, or the 
flints into splinters, such as abound in the formation I am describing. 
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that figure as occupied by the 7% = 
chalky clay, but left these pebble- 2O3 £9 
} capped eminences (Stock and Bil- 405° = 
¥ lericay in the figure, and Langdon, ‘£222 
| Warley, Havering, South Weald, 83 
ig Frierning, and other hills of South $3 = 
{g Essex) exposed to the atmosphere, iia, 
| has covered them with a bed of 2 Om 
clay-gravel four or five feet thick, Br 
_ in which the pebbles (which in the > Hs 
; original beds, No. VIIL., rest hori- ofS 
t zontally on their shorter axes) are woe 
+ 


for the most part set up vertically 
lf on their longeraxes. An accurate 
representation of a section at South 
Weald showing this is in the Geol. 
Survey Memoirs, vol. iv. p. 324. 
By permission of the Council, I 
{ give here, from a paper by Mr. R. 
| N. Mantell in the sixth volume of 
the Journal, a representation of a 
cutting at Trowbridge, wherein the 
Jurassic strata are enveloped by 
| this formation, in which Mr. Man- 
i tell says the bones of mammalia 
occur. The site of this, which is 
in the N.W. of Sheet 14, was sea 
during the formation of the Chalky 
Clay, and is so represented in the 
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continuation of Map 2. The at- 2 
mospheric formation there can thus 79 ‘ 
be that of the minor glaciation oe 
only. o = 
The atmospheric formation thus So 
| arising during the minor glacia- = 
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tion is, it seems to me, also repre- 
sented by the amorphous cave- 
earth, which, sliding over the sur- 
face, has penetrated the fissures 
of the limestone in which the 
caves occur*, and so entered the 
caves, carrying with it the bones 
not only of all animals which, 
dying on the land, were preserved 


* The Victoria Cave, near Settle, being 
within the area of the land-ice of this 
glaciation, is not filled with this amor- 
phous earth, but with finely stratified 
clay due to aqueous deposition, possibly 
by water from beneath the land-ice. 
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by the antiseptic character of an arctic climate, but also, I suspect, 
the bones of animals which, having left their remains in the 
superficial formations of the last preceding period (and possibly 
even of those which, dying as the arctic climate was coming on, 
were preserved in mere soil by this climate), became mixed up 
in this earth with those of animals, such as the Reindeer and 
Mammoth, which inhabited the country during this glaciation. 

The cave-earth, as is well known, is invariably sealed up with 
an overlying layer of stalagmite, and in some instances it is also 
underlain by this. It is well known that stalagmite is the deposit 
of carbonate of lime formed by the percolation of rain-water 
through lmestone-rock; and it is obvious that when the soil is 
perennially frozen in the way described, so that no vertical escape 
of the rain- or snow-water can take place, no stalagmite can form 
though the fissures give access to the sliding mud which becomes 


cave-earth. Hence the absence of stalagmite during the formation ~ 


of the cave-earth ; that which underlies it having been the result 
of infiltration during the mild climate which preceded and partly 
accompanied the Oyrena-formation in such caves as were not at that 
time submerged; and that which overlies it having been the result 
of infiltration since the minor glaciation passed away. In caves 
that were in existence before the great glaciation, we might 
expect three layers of stalagmite—the lower of preglacial age; the 
middle of the age preceding the Cyrena-formation ; and the upper 
of the time since the minor glaciation passed away ; and such ap- 
pear to occur in caverns near Liége beyond the limit of the Newer 
Pliocene submergence. 

This is the formation also under which the cliffs of Sangatte, 
Brighton, Isle of Wight Foreland, Portland, and Sili Bay are buried, 
the ‘splinters of flint and limestone produced by the splitting-up action 
of the intense frost upon the flints and stone, to which I have referred, 
being distributed through the burying material in all the cases. 
In Mr. Codrington’s representation of the buried cliff of the Isle of 
Wight Foreland, which I have copied in fig. LV., the accumulation 
which I have described as resulting from the packing of the ice- 
floes on the beach, and which at Brighton and Portland first filled 
up the cavity made by the cliff-face, and presents the appearance of 
having been doubled back on itself, is not shown; the whole of the 
cliff-cavity beg represented as filled with the earth with angular 
fragments of flint. The remains of the Elephant have occurred 
in the material under which the old cliff at Brighton is buried : 
and Mr. Mantell mentions that they also occur in the bed 1 of 
his section. 

By permission of the authors and of the Council, I here give the 
cut representing the buried cliff of Brighton from Mr. A. Tylor’s 
paper in the 25th volume, and that representing the buried cliff of 
Portland from Prof. Prestwich’s paper in the 3lst volume of the 
Journal, each of which shows this doubling back. 
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Cut vii—Section of the buried Cliff at Brighton (from paper by Mr. 
A. Tylor in vol. xxv. of the Q. J.G.S. p. 79). 


Covering bed=y of my figures. 


Combe rock. 


: L e Lae | “— 
Soe! Zs ='—. Modern beach. 
r 7 pam = ac 


<=" 
ns al ed i — 
7 am z 


F 


Cut vili.—Section of the buried Cliff at Portland (from paper by 
Prof. Prestwich in vol. xxxi. of the Q.J.G.8. p. 36). 
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d. Angular débris 4 feet. = y of my figures. 


d'. Lignt-coloured loam with seams of débris and angular blocks. \ 
Land and freshwater shells in places, 11 feet. e Raised beach | _ G of 
with very large pebbles at base, 7 feet (24 species of Mollusca } — donate 
| . 


found in this by Prof. Prestwich at various points, and all 
British). ) 


Rills of muddy water, carrying with them land-shells, pouring 
over the face of these cliffs during the minor glaciation, and when 
the ice-floes packing on the shore piled the blocks of stone and 
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chalk on the beach, gave rise 
to the irregular seams of loam 
with land-shells, described by 


aes 
Prof. Prestwich as overlying oo 2 A 
and intermingled with these 32 2 2 
blocks in the buried beachesof .S = 72 
Sangatte and Portland; and & % 2. 
the pressure of the floes ree G2 => NN 
peated year after year probably SS es {NY 1 
forced this accumulation more : & = | 7 
thickly against the cliffs, so = = i lh | 
that the upper part turned over BE 
on itself; a nee have been ‘ye Jy 
that floes thus driven on to the $5 \ VN 
shorebecameburiedunderloam  &, B B, \\\ 
before they could thaw, and so “aa 3 
became part ofthepermanently “o§ 
frozen soil, as is the case with S'S.¢ 
sheets of ancient flood-water 2 2 
still remaining as ice in the 


mudbanks of the Siberian SS 
rivers from which the Mam- 
moth carcasses have been de- 
tached. If so, the thawing of 
this ice after the glaciation 
passed away would have let 
down the loam &c. accumu- 
lated over these floes and 
around their edges, and so pos- 
sibly have given rise to the 
distorted appearance which the 
accuinulation exhibits in Mr. 
Prestwich’s cut of Portland 
buried cliff. 

By permission of the Coun- 
cil, I also give here the late 
Mr. Trimmer’s cpt of the brick- 
field at Gaytonthorpe, in West 
Norfolk. 

The beds d, ¢, and f of Mr. 
Trimmer’s section are, he con- 
sidered (and as I think also), 
a freshwater continuation, at 
proportionally higher level, of 
the Nar brickearth; and 
therefore, like the Avisford 
saud, of the age of the Cyrena- 
formation ; and like that they 
are overlain and penetrated by 
the atmospheric formation of 
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the minor glaciation (a of Mr. Trimmer’s section, and called by him 
the Warp). Just as the splintered flints in the brickearth which 
overlies the Avisford sand, in that which overlies the buried cliff at 
the Isle of Wight Foreland, shown in fig. LV., and in the corresponding 
material which overlies the buried cliffs of Sangatte and Brighton, 
cannot have been derived from atmospheric action upon the formation 
on which they rest, but must have travelled for some distance over 
the surface, so have the flints which Mr. Trimmer thus represents as 
occurring in this overlying “ warp” * come either from the chalk 
surface which occurs at some distance from the section, or from 
the Till which, though shown in the section as underlying the 
freshwater beds d, e, and f, forms the surface at some distance, 
and not from any action upon these subjacent beds d, e, and f, 
which do not contain such flints. 

In his diagram section of the beds in the Selsea peninsula, 
which [ have given at p. 708, Mr. Godwin-Austen shows the shingle 
and gravel overlying the clay-gravel with large hypersthene-rock 
blocks, as overlain by this brickearth with splinters of flint, and 
this, he says, overlies all the gravel and other beds of the Sussex 
levels. In this shingle, clay-gravel, and overlying brickearth we 
find the exact parallel of the buried cliffs, thus. 

The shingle at the Brighton chff is, according to Mr. Tylor, 10 
feet above high-water mark, while that in Mr. Codrington’s figure 
of the Isle of Wight Foreland (fig. LV.) has its upper limit at about 
60 and its base about 20 feet above O. D. Selsea is nearer to the 
latter than to the former; and if we take the upper limit of the 
shingle as representing high-water mark of spring tides, we may 
infer that at the date of these beaches the mean level of the sea 
over the Selsea peninsula was about 40 feet above the present. Now 
this agrees with the position of the gravel with great erratics, the 
elevation of which, as shown in fig. XLII.+, is uniform at from 15 
to 20 feet above O. D., which would give a mean depth of from 25 
to 30 feet of water over it at the time of this gravel. 

It seems to me obvious that just as this part of the coast is a 
flat at the present time without cliffs, and extends from opposite the 
eastern end of the Isle of Wight (with its higher ground, and con- 
sequent cliffs) to Brighton, where the same cliff begins again, so was 
it also when the buried cliffs were washed by the sea during the 
stage under consideration, and the shingle accumulated at their feet ; 
the mean sea-level at Selsea just mentioned allowing the floes to 


* Mr. Trimmer referred this Warp to the action of the sea during the last 
geological period, contrary to my view of its origin: Mr. O. Fisher has called 
it “ Trail,” and referred it to land-ice agency during a later glaciation than the 
main one, 

+ [have constructed this figure from Mr. Codrington’s gravel map (pl. xxxvi. of 
vol. xxvi. of the Journal), and, as to the older Tertiaries on which these gravels 
rest, from the Geological Survey map. It shows the comparative levels which 
this gravel of the minor glaciation and that of the major respectively occupy, 
though the greatest elevation of the latter in the section (419 feet) is 250 feet 
below the level to which the submergence attained in this part during the 
major glaciation. 
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ground at low water. Here the ice-floes, bringing the blocks of 
hypersthene-rock from the southward, grounding on the shallows 
where the clay-gravel (which Mr. Godwin-Austei. says contains 
Inttorine and fragments of Mytili) was accumulated, ieft these on, 
or in, that gravel, at the same that the floes packed against the cliffs 
to the east and west of this flat area. By the rise whick caused the 
sea to recede from these cliffs, the sea on the Selsea coast became 
too shallow for the floes to pass, and the clay-gravel gave place to a 
more littoral gravel with sand and shingle, with shells (¢ of the 
diagram at page 708), the tidal movement, which accompanie 
this, wearing away the surface of the clay-gravel. Then, by 
the continuance of the rise, this became land; and thereupon it 
was overspread by the same atmospheric formation with flint- 
splinters that buries the cliffs and overlies the Avisford sands,  \ 
viz. b of the diagram. In South Lincolnshire I have met with 
this formation, y, capping in a thickness of three or four feet 
the Jurassic limestone of that county, and containing, like the 
intrusive cave-earth, angular fragments of the limestone, just as 
it does splinters of flint where it occurs in the vicinity of Chalk ; 
and there it is overlain by a thin bed of limestone fragments worn 
flat (see bed yn of fig. LIV.). All this part of England during the 
major glaciation was buried beneath the land-ice of the Chalky Clay 
(this Clay, though not covering the limestone in the figure, being 
within two miles of it), which protected the surface from atmospheric 
action, When the islands not thus protected (not merely those shown 
in Map 4, but those formed by the higher eminences of the Chalk 
Downs of Kent, Wiltshire, &c.), by being subjected to it, received 
the atmospheric formation of clay with flints which covers them. 
The medium and lower elevations of the South and West of England 
were at the same time protected from this action by being submerged, 
so that it is only to the frost of the minor glaciation that any of 
the instances which I have given of this formation under the letter y 
can apply. 

In his sections (at pages 216 and 218 of the 15th volume of the 
Journal), Prof. Prestwich shows the Avisford and Waterbeach sand 
and shingle, which I have referred to the culmination of the Cyrena- 
formation depression, overlain and deeply “‘ravined” by the loam 
with angular flint fragments, y, which I consider to have thus 
originated by slide from the chalk of the contiguous South Downs ; 
and he shows this sand and shingle cut through by a small valley, 
the bottom of which is occupied by a bed of gravel. ‘This gravel 
appears to me to be g of this memoir, and to be a valley-bed co- 
eval with this loam, iti the same way that y in fig. XXVI. is the 
fluviatile equivalent of gin tig. XXV. This Avisford sand and shingle, 
being at a considerably higher elevation than the foot of the buried 
cliffs of Brighton and the Isle of Wight, had become land before 
these cliffs had come into existence ; and the small valley thus cut 
through it, and occupied by g, was excavated in the same interval 
in which the break-up and denudation of the Cyrena-formation 
in the Thames valley, and the constitution of the river-channel in 
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which accumulated g of the Thames valley, took place, which I have 
described in Stage VI. The Cyrena-gravel of the Somme valley is 
overlain with similar loam; and in the ‘ Geological Magazine’ for 
August and September 1882, I have suggested that the Loess which 
covers so much of the Europzo-Asiatic and North-American con- 
tinents, through latitudes where, during the glaciations, the soil 
must have been permanently frozen, but where there was no land- 
ice, originated from the action here described by me. I have also 
there endeavoured to show, in more detail than my space here allows, 
the precise way in which, by the continuous rupturing of the flints 
of the upper chalk by the intense cold on the unprotected surface, 
and by the lateral escape through this thawing and moving 
suriace-layer of the water with which it was saturated, after it had 
taken up the chalk by solution, the loam of Picardy with 
angular flint fragments arose—those thicker accumulations of it 
which occupy the parts of the plateaux above the level to which the 
submergence of the major glaciation reached having originated 
during both the major and minor glaciations; while that which 
occurs on the valley-sides and overspreads the Cyrena-gravel of the 
Somme, and is of much less thickness, originated during the minor 
only ; these valleys having been filled with the sea, and so exempt 
from this action, during the major glaciation. 

Although the origin of the material with fragments and splinters 
thus burying the cliffs appears to me of this nature, and the position 
it occupies, not merely in relation to these cliffs but also in the 
general sequence of events, to be clear and consistent, yet Prof. 
Prestwich * has taken views so contrary to those at which I have 
arrived, that I cannot pass from the subject without some examina- 
tion of them. 

In describing the features connected with the buried cliffs of 
Portland and Sili Bay, and other localities along both the French 
and English coasts of the British Channel, he attributes the origin 
of the burying-material to a great submergence, with which he 
connects the destruction of Paleolithic man and of some of the 
great Mammalia. 

In the particular case at Portland, he contends that this submer- 
gence took place after a great denudation had occurred over a line 
of upthrow similar to that which has taken place to the south of the 
gravel crowning Cesar’s Camp Hill in figs. II. and III.,and Headon 
Hill in figs. [V. and V., in the plate accompanying the first part of this 
memoir; and in his sections he shows this upthrown and denuded 
space as overlooked by gravel formed prior to this upthrow, and 
crowning the chalk escarpment, just as the correspondingly upthrown 
and denuded space of the Weald is overlooked by the gravel of 
Ceesar’s Camp, and that of the Isle of Wight is skirted by the gravel 
of Headon Hill in these figures. The line of chalk upthrow connected 
with this great denudation behind Portland is a part of that of 
the Isle of Wight, which has placed the Headon gravel in the 


* See the papers of Prof. Prestwich already cited, and another in British 
Association Proceedings in 1880. 
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position it now occupies, the two areas being connected by the 
continuation of this line through the Isle of Purbeck. The exces- 
sive denudation which has taken place along this line of upthrow 
and left the gravel on the Chalk Down behind Portland in a similar 
position to that which it occupies on Headon and Cesar’s Camp 
Hills, I attribute to the selective action of the sea, beneath which 
the movement took place, on the strata which were shattered by it, 
and brought under this action by the continuous though gradual 
rise of the shattered sea-bottom, during Stages III. to V.; but Prof. 
Prestwich seems to attribute it to atmospheric agency. 

To the south of this upthrown and denuded space is the high- 
land of Portland, on the seaward slope of which lies the old beach 
up to the foot of the buried cliff (e of cut vill.) ; while at the foot of 
the landward slope of this high-land *, and skirting the south of 
this denuded space, Mr. Prestwich shows a very thick talus of the 
‘burying material, or ‘‘ Landwash” as he proposes to call it, identical 
with d of the cut, in which he says fragments occur of the Middle 
Purbeck beds which are now not to be found 7n stu on this high-land ; 
andit is on this that he mainly founds his opinion that the material 
of this talus, and that corresponding to it (marked d in the cuti), under 
which the cliff is buried has had a marine origin, and is the result 
of that submergence of 1000 feet or more, of which, in the subsequent 
paper read before the British Association meeting of 1880, he speaks. 
This ‘ Landwash” contains, he says, land-shells in intercalated 
seams of loam, and mammalian remains. Prof. Prestwich thus assigns 
the Newer Pliocene submergence to a very much later date than I do 
(unless it be that he considers this great submergence to have taken 
place twicet, which I do not), and he refers to it as its evidence, 
not the gravel which in the successive stages of its emergence forms 
so large a part of the subject of my memoir, but an accumulation 
which appears to me to be exclusively of terrestrial origin. With 
respect to this accumulation and the burying of the cliffs under it, 
I have already observed that cliffs of such yielding material as chalk 
or marl could not escape being planed off by a submergence; and 
though the cliffs of Portland and Sili Bay are of more unyielding 
material than those of the Isle of Wight Foreland, Brighton, or 
Sangatte, yet if one of these was buried by submergence, so were 


* From the representation which Mr. Prestwich gives of this talus, it seems 
to me that traces of the old shore-line represented by the cliff and shingle may 
not unlikely be concealed under it, though he regards the hollow it occupies as 
all originating since the cliff. 

+ In a paper read before the British Association meeting of the following year 
(1881), Prof. Prestwich describes the submergence of the South of England as 
having taken place during the formation of the pebbly sand 61, which, though 
I do not agree in many of the details, is substantially what I had previously 
shown, in the first part of this memoir, in connexion with this sand and its 
modification in Norfolk into the Till and Contorted Drift, and its representation 
southwards and westwards by the gravel l’, as submergence proceeded. I can 
only therefore infer that Prof. Prestwich regards this great submergence as 
having been repeated, when the cliffs were buried late in the Newer Pliocene 
period. | 
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the others ; and therefore the objection, if applicable to some, becomes 
applicable to all. 

The accumulation, moreover, though thick in hollows such as the 
cliffs, or beneath a steep slope as a talus, is not shown in Mr. Prest- 
wich’s sections at all distributed generally as a marine deposit would 
be; and without dwelling upon the gradual way in which any sub- 
mergence, however rapid, geologically speaking, would first fill the 
valleys, and, after planing off all preexisting cliffs in yielding strata, 
rise from level to level, it seems afar less demand to make on our 
reason to suggest that the presence of fragments of the Middle Pur- 
beck in this accumulation may be explained either by patches of 
that formation in stu being overlooked or concealed from view, or 
else by their having been altogether removed by the agency which 
introduced the fragments into this accumulation, than to explain the 
case by resort to a great submergence, which is diametrically in 
contradiction to all the phenomena traced in this memoir, and, as it 
seems to me, irreconcilable with the presence of seams of loam 
containing tender land-shells intercalated in this accumulation. 

On the other hand, all the features displayed by the sections of 
the Portland and Weymouth district, by which Prof. Prestwich has, 
with his well-known accuracy, illustrated his account, appear to me, 
when properly interpreted, to be precisely in accordance with all 
that I have traced in this memoir. 

Resuming now my examination of the evidences of the minor 
glaciation in the South of England, I proceed with the gravel g. 
This I have shown by a tint of more open dots in the Map 38, and it 
agrees in level with the position of the country at the time when, 
by a pause in the rise from the Cyrena-redepression, the buried 
cliffs and the clay-gravel with great blocks, shown in fig. XLII. by the 
letter G, came into existence. Mr. Codrington has correlated this 
marine gravel G with the river-gravel of lowest elevation of the 
Hampshire valleys, when these existed under a geographical ar- 
rangement which has been to a great degree obliterated by the 
cutting back of the Solent cliffs; and in this I quite agree with 
him ; merely adding that I think it likely that this alteration may 
have been induced by those disturbances which I have shown in the 
case of the Thames valley to have been renewed after the formation 
of the gravel g there. It was during this pause in the rise there- 
fore that the Thames valley became stationary at a point which 
allowed the Thames water during flood to rise to a level which 
seems to be everywhere between 25 and 30 feet above that of the 
present river. At Grays and Dartford the gravel g, which repre- 
sents this flood-level, does not extend higher than about 30 feet above 
O. D. At Ilford (see figs. XXV. and XX VI.) it ceases between the 
levels of 30 and 40 feet above O. D.; for while it covers the Cyrena- 
formation in the Uphall field up to 30, no sign of it appears in the 
London-road field, which (except where the surface has been lowered 
by excavation for bricks) is above 40 feet elevation ; and in lieu of 
it the Cyrena-brickearth (bed ¢ 2) is covered by the terrestrial 
formation, y, already described as originating from the freezing and 
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thawing of the upper layer of the soil, and which was synchronous 
with the gravel g, but necessarily terminated at the limit reached in 
flood by the river-water depositing that gravel. To the west of 
London it forms what Col. Lane Fox * terms the middle and lower 
gravel-terrace, the upper level of which does not exceed 45 feeti 
above O. D., and from which he obtained Reindeer-remains in 
association with those of Hippopotamus. ‘There, as also at Brentford, 
where it has yielded freshwater shells as wellas the Reindeer (but of 
course not Cyrena‘), it passes up into a few feet of brickearth, 
which, though shown only between Brentford and Nottingdale on 
the Geological Survey Map (with some outlying patches elsewhere), 
is generally found overlying gravel up to the level of about 30 feet 
above the river up the Thames valley through Sheet 7. It was in 
this sheet of gravel that the skull of the Musk-Ox occurred at 
Maidenhead +. 

The depression which accompanied the Cyrena-formation and the 
subsequent rise of the land to the point where this pause occurred, 
have in the Thames valley placed that part of the Cyrena-formation 
in which the freshwater shells occur at nearly the same level as the 
upper limit of the gravel g. At Grays and ‘Crayford it is somewhat 
higher, but at Ilford and further up the Thames and its tributaries 
the elevation of the two is about the same; forit I am right in 
referring the sand and overlying brickearth of Co!. Lane Fox’s 
80-feet terrace at Acton to beds 3 and 4 of the Grays pits, the lower 
or shell-bearing part of no. 3 is absent, the sand representing no. 3 
being only the upper or unfossiliferous part of that bed, which there 
rests on the Londou Clay by transgression beyond the lower or 
shell-bearing part; the latter, together with 2 and 1, having been 
destroyed when the rise and disturbances took place that removed 
so much of the Cyrena-formation, and gave rise to the new channel 
in which g accumulated. 

Thus over England generally there is nothing, so far as I can see, 
yet discovered which would place gravel yielding Reindeer-remams 
in any earlier stage of the Newer Pliocene period than that now under 
consideration ; while the preponderating presence of these remains 
in all cave-earths is an important element of identity between the 
various formations, marine, terrestrial, fluviatile, and morainic, 
that I have attributed to the minor glaciation, when a climate 
similar in all respects, apparently, to that under which this deer 
mainly exists at the present day prevailed in western Europe. 
Negative evidence, we all know, is a very unsafe reliance ; but up to 
the present time it may be justly asserted that no remains of this 
animal have occurred in any formation in England which can be 
assigned without doubt to an earlier stage than that of this minor 
glaciation §. Whether the Reindeer entered western Europe while 


* « Journal,’ vol. xxviii. p. 449. t Morris, in ‘Journal,’ vol. vi. p. 203. 

t Prestwich in ‘ Journal,’ vol. xii. p. 131. 

§ The highest point above existing rivers at which Reindeer-remains have 
occurred in English rzver-gravel, so far as I know, is that of the Evesham 
gravel described by Mr. Ingram in vol. xxxv. of the ‘Journal,’ the surface of 
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the Cyrena yet lingered there, however, is doubtful*. If it be 
present in the fluvio-marine base of the sections at Menchecourt, in 
which the Oyrena occurs, it must have done so; but, as I have 
pointed out in the case of the gravel g overlying the Cyrena-sand at 
Uphall field, Ilford, a confusion of river-beds of distinct ages may 
very easily occur. 

The passage upwards of this gravel g into a few feet of brick- 
earth does not seem to occur, in the Thames valley, in those parts 
which are near to the areas from which this gravel, as well as f 
and the Cyrena-formation, have been denuded; and this doubtless 
arises from the partial denudation to which it has been subjected 
-there; but the uniform way in which, where it does occur, this 
brickearth is distinct from, though successional to, the gravel beneath 
it, shows that it cannot be due, as has been suggested in the case 
of brickearth or loess generally, to floods each year swelling the 
rivers beyond their normal gravel-depositing condition; for were it so, 
the gravel would alternate throughout with thin seams of inundation- 
mud, instead, as is the case, of the two forming distinct beds. ‘The 
presence of this brickearth in a thickness varying from 3 to 6 feet 
over and yet apparently gradually changing into‘the gravel, proves that 
some change of conditions occurred by which the formation of gravel 
gave place to mud; and it seems to indicate that a similar change took 
place in climate, as the minor glaciation waned, to that which took 
place as it came on; for the bed no. 4 of the Cyrena-formation in 
the Thames valley exactly resembles this brickearth over g, and 
succeeds the sand, no. 3 of that formation, in exactly the same way 
in which this brickearth succeeds the gravel ¢. 

I observed in connexion with the Cyrena-formation that bed no. 4 
of it seemed to indicate that a great flooding of the land-surface at 
that time occurred, which filled the water occupying the Thames 
valley with mud, and so gave rise by its precipitation to that bed. 
The same thing appears to have recurred at the end of the gravel g : 
for not only does this brickearth over it indicate this, but the bed 
y in Lincolnshire (fig. LIV.) and the sands which I have referred to 
the action of the water from the ice of the Hessle Clay, and shown 
under the letters I'y in fig. L., are overlain by a bed which I can 
only refer to this agency. The latter consists of a gravel (gh) 
several feet thick, principally made up of fragments of the hard 
Yorkshire chalk worn flat. The place which it occupies in the 
coast-section shows that its distribution is unconnected with the 
sands I'y, on which it rests, and that it is a sheet that has been 
formed in a small valley which stretches from Bridlington up to 
the Wold, and is occupied by a little stream called the Gipsey Race. 


that gravel being stated as 60 feet above the Avon ; and this would not, propor- 
tionately to the sea-level of the time, differ much from that indicated by the 
shingle in the Isle of Wight Foreland cliff. The skull and horns ofa Reindeer are 
said to have occurred in gravel beneath Boulder-clay at Kilmaurs, in Ayrshire 
(‘Journal,’ vol. xxi. p. 216). This gravel, however, may have been contempo- 
raneous with the overlying clay, supposing that to be of the minor glaciation, in 
the same way as the gravel ¢ is with the Chalky Clay. 
* See note, page 741. 
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The bed corresponding to this over y in fig. LIV. is only about a 
foot thick, and is wholly composed of fragments of the limestone worn 
flat; and though the bed y does not occur over the gravel of that 
district which corresponds to that in the Casewick cutting (gravel 
and sand not favouring the formation of that bed), this band of flat frag- 
ments does so occur in all the sections of gravel I met with, equally 
with those in which the bed y appeared; and this on higher and 
lower elevations alike, and quite irrespective of valley configuration. 
It appears to me therefore that while in the valley of the Gipsey 
Race this flooding swept down these flattened fragments in quan- 
tity sufficient to accumulate a bed several feet thick, in the open 
country and on the low plateaux it accumulated them in quantity 
only sufficient to form this band a foot or so thick*. To flatten 
fragments in this way, the agent must have carried them over the 
surface without rolling them; and I can only conjecture, for want 
of a better explanation, that to doso the rain must have been so 
excessive as to have formed a sheet of water some inches thick over 
the general surface, which, while sufficient to impart motion to the 
fragments, was Insufficient to roll them, but which, as it drained 
from the general surface into valleys, swept the flattened fragments 
in volume into these valleys, thus giving rise to the gravel gh in 
fig. L. 

Whatever may. be the true explanation, however, the beds of 
flattened fragments occupy precisely the same successional position to 
the atmospheric formation, y, and to the sands, Ty, which I regard 
as synchronous with it, that the brickearth overlying the gravel g 
does to the river-formation, viz. that gravel which is synchronous with 
y and Ty. It follows the irregular surface of y under the humus. 

The gravel marked gh in fig. XLIII., and shown as overlying the 
Hessle Clay in the Humber gorge at Ferriby, is probably of similar 
origin ; for it contains many of the flat fragments of hard chalk. 
and patches of it occur over the Hessle Clay along the low ground 
east of the Wold in Sheets 85 and 86; but with this exception, 
and that of the very few and sporadic occurrences shown under the 
letters I'y in figs. XLVIT. and XLIX.,and the continuous sheet shown 
under the same letters which extends from the edge of the Hessle 
Clay to Bridlington (fig. L.), all of which I have referred to the 
effluent water of the Hessle-Clay ice, no gravel or other accumulation 
posterior to the Hessle Clay in Lincolnshire or Yorkshire occurs but 
what seems to be of freshwater origin. These beds are shown in 
figs. XLVI. and XLIX. by the letter 2; but the only instance,if indeed 
that be one, in which along the Holderness coast they yield fossils is, 
so far as I am aware, that of Hornsea, in fig. XLIX. At that place, 
near the railway-station, a gravel, very oblique-bedded, alternates 
with thin seams of loam, in which freshwater shells occur; and 
there we seem to get an instance of that annual flooding to which 


* The angular drift recently described by Prof. Prestwich to the Society as 
covering the Lower-Chalk plain between Didcot and Chilton, containing reindeer 
and other mammalian remains and land-shells, seems to me to correspond 
either with this flooding, or with the atmospheric formation already described. 
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the formation of loess has been referred, and which is altogether dif- 
ferent from that succession of gravel or sand by a thick bed of brick- 
earth, which obtains in the case of the gravel g and the Cyrena- 
formation. Iam not, however, clear that the portion of the Horn- 
sea gravel which yields shells may not be part of the Cyrena-for- 
mation accumulated before the depression converted it into marine 
gravel in Holderness *, as it seems from well-borings to descend 
below the present sea-level to a considerable depth, thus occupying a 
similar position to the freshwater part of the Clacton section as well 
as to the gravels which fill the partially submerged valleys pene- 
trating the Lincolnshire coast beneath the marsh there, one of which 
was revealed by the borings and excavations for the Grimsby docks. 
The position, however, of the beds h, that are clearly posterior to the 
Hessle Clay (see figs. XLVI. and XLIX.), points to the sea-level on 
the eastern side of England having at the close of the minor glaciation 
been below that at which it now stands, and the land there to have 
extended somewhat, though perhaps to no very great distance, be- 
yond the limit it now reaches; but in the north-west this was 
otherwise, for Mr. De Rance, in the twenty-seventh volume of the 
‘Journal’ (p. 660), describes what he terms the postglacial sea 
(by which, as he does not make use of the term postglacial in the 
sense In which I have, he means the sea subsequent to the Upper 
Clay of the north-west) as having, after the emergence of the Upper 
Clay, occupied the very low plain between the rivers Mersey and Ribble 
which was skirted by low cliffs formed of that clay, and as having 
in this position deposited the “ Shirley-Hill sand,” described by him 
as underlying the main peaty; and he connects this with the sand 
containing marine shells at Rampside (shown in fig. LII. by the 
letter H) and with another bed west of Pilling, between Fleetwood 
and Lancaster, a few miles south of Rampside, which also contains 
marine shells and underlies the main peat. The sand shown by 
Mr. Mackintosh in the section he found disclosed by the Mersey- 
Dock excavations, which I have in fig. LITT. reduced from his repre- 
sentation, seems to be also the same formation; and this I have 
accordingly marked H. It therefore seems clear that in Lancashire 
and Cumberland the passing away of the minor glaciation took 
place before the sea-line had quite fallen to that position in which 
(by subsequent oscillation) it now stands; and it seems probable that 
this line in the north-west was about as much above that which it 
now occupies as it was below it in the east; for though Mr. George 
Maw, from whose short paper in the Geol. Mag. of 1869 (p. 72) I 
have reduced fig. LII., speaks of the bed I have marked H there as 
indicative of an elevation of the clay G’, and its subsequent depres- 
sion beneath the sea, it appears to me only to indicate that the 


* Tam not, however, aware that the Cyrena has occurred at Hornsea. The 
fossiliferous part of this gravel is near the railway-station. 

t By this term of “main peat” Mr. De Rance explains that he means the . 
peat which has been depressed beneath the present sea by the last movement of 
Britain, and is found beneath marine silt and salt water at many points round 
the coast, as mentioned in the sequel of this memoir. : 
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extrusion of moraine from which G’ originated ceased while low- 
water mark was still above the level of the bed H; and that there- 
upon mollusca established themselves upon this moraine, and their 
remains became imbedded in sands that accumulated in its hollows, 
in the same way that at an earlier period this occurred on the clay 
of the major glaciation at Dimlington, after the change in the in- 
clination of England caused the ice to recede through the Humber 
and uncover that clay, only that the sands containing such remains 
there became mixed up in the moraine either from movements of 
the ice during this recession or from the passage of the Purple-clay 
ice over the place of them. 

To what limit the present shores of England may have been 
extended beyond their present position by emergence subsequent to 
the point to which I have now traced this, there is nothing beyond 
the depth at which the land-surfaces round the coast (which are 
evidently connected with the surface of forest-growth under the 
marshes of our rivers) occur to afford any indication. The greatest 
depth of this kind appears to be that noticed by Mr. Rome and 
myself (in the paper in the twenty-fourth volume of the ‘ Journal,’ 
already referred to), which the Grimsby-Dock works disclosed, and 
which was 52 feet below high-water mark of spring tides. The 
extension which this depth would indicate in connexion with so 
flat a coast as that of Lincolnshire is not inconsiderable, and of 
course the extension may have been far greater than this. I do 
not, however, imagine that it was so to any very great degree ; 
but the depression, although it does not appear to have either in- 
ereased or decreased in other parts of England since the Roman 
invasion, seems to be still proceeding in Cornwall, and on the coast 
of Brittany, it is said, has caused perceptible changes since that 
epoch. 


Concluding Remarks. 


Though many subjects of geological and paleontological import- 
ance are involved in the correct interpretation of the phenomena 
connected with the Newer Pliocene period, I confine the remarks 
which I have to make on them to the points specially touched by 
the sequence of events which I have traced in this memoir. These 
are :—Ist, The coexistence of arboreal vegetation with the land- 
ice; 2ndly, The presence of the remains of Hzppopotamus as indi- 
cative of interglacial periods; 3rdly, The existence of an open North 
Sea during the major glaciation ; and, 4thly, The light furnished by 
the glaciation of England on theories of climate. 

As to the first point, though land-ice is, in Greenland and Spitz- 
bergen, accompanied by the absence of arboreal vegetation, this is 
not the case in the southern hemisphere, the ice-fields of South 
America escaping to the Straits of Magellan and to the channels of 
the west coast immediately north of that strait by glaciers which 
pass through a country that in parts is densely wooded. This seems 
to be in consequence of the greater precipitation in this region, 
- Greenland, though so enveloped in ice, having, according to Rink, an 
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annual precipitation of snow only equal to 12 inches of rain. Cold 
merely, though as great, and even greater, than that of South 
Greenland, is not prohibitive of tree-growth, as we see by the limit 
of forests in Siberia, which reaches 10° of latitude to the north of 
South Greenland. The presence of trees, we may thus infer, is only 
regulated by their ability to ripen their seeds. This the summer 
of even South Greenland is adverse to, while from the high latitude 
of Spitzbergen the summer there, we may infer, is, under existing 
conditions, too short to allow it. The greater length of the summer, 
however, in England during the great glaciation, which the lower 
latitude must have involved, may have been as favourable to the 
ripening of the seeds of the most northern kinds of tree as that of 
Siberia now is, though, in consequence of the low range of the land 
and dryness of the climate, ice-fields do not occur in Siberia. The 
presence of arboreal remains in the Hoxne bed, mentioned by Prof. 
Prestwich, seems to me explicable only by trees having sprung up 
on the moraine of chalky clay as the plateaux covered with it 
became exposed by the diminution of the ice issuing in that direc- 
tion, which, before its complete recession from the sea in East 
Anglia, became sufficient only to fill the valleys in the parts nearest 
to its issue there. 

As to the second point, it seems to me that inasmuch as the Hip- 
popotamus appears actually to have inhabited England during the 
Red Crag, its habits were not inconsistent with the freezing of 
rivers In winter. As some Bears hibernate, and as the habits of the 
Polar Bear are unlike those of other Bears, it is quite as reasonable 
to infer that the Newer Pliocene Hippopotamus of Europe had, in 
respect to frozen rivers, habits differing from those of its living 
African congener, as itis to assign to it the habit of migration, which 
is equally foreign to the living animal. To suppose that the Hip- 
popotamus migrated a thousand miles or more every summer during 
the Glacial period appears to me, when its habits and powers are 
duly considered, improbable ; and since from the presence in the 
base of the Red Crag of large tabular masses of unworn flint, many 
miles from the nearest chalk, we cannot doubt that the rivers, and 
even parts of the estuaries, were at that time frozen, the Hippo- 
potamus, if it lived at that time, must have subsisted under those 
conditions. The remains of it found in those freshwater deposits 
on the North Norfolk coast beneath the sands 67 and Till, which 
I regard as of the age of the Red Crag (and which would hardly be 
referred by any one to a time when a still milder climate than that 
of the Upper Crag prevailed), seem to me to prove that it did live 
where the rivers were thus frozen in winter, and. that its habits 
must somehow have been conformable to those conditions. ‘There 
is nothing yet made known, however, so far as [ can make out, 
which points at all to its having inhabited England during any part 
of the great glaciation, none of the freshwater formations which 
appear to me to belong to the wane of this glaviation, such as those 
of Hoxne, Mildenhall, Brandon, Copford, &c., having, so far as [ 
know, yielded its remains. It is the presence of its remains (gene- 
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rally more or less bouldered, however) in the gravel g, and in some 
few caves, in association with the remains of the Reindeer, that 
raises the presumption that it inhabited England during the minor 
glaciation, and synchronously with that Deer; but we have only 
to reflect on the case of existing Siberia to see how fallacious such 
association may be as evidence of the contemporaneous existence of 
two animals; for it is well known that the bones and tusks of the 
Mammoth are every summer washed out of the frozen soil of Siberia, 
on which that animal has long ceased to live, in as fresh a condi- 
tion as those of the Reindeer which now die there, or as the antlers 
they yearly shed there can be; and that thus the remains of both 
animals must be swept into the gravels and other deposits now 
forming in the rivers there. So most probably was it the case in 
England during the minor glaciation, and the bones of the Hippo- 
potamus, that undoubtedly inhabited this country during the first 
part of the Cyrena-formation, and which had become imbedded in 
that formation and in other superficial deposits of the same time, 
were during the minor glaciation washed out to intermingle in 
the gravel of that glaciation with the bones of the Mammoth which 
still continued to inhabit this country, and with those of the Rein- 
deer, which about that time, it would seem, first made its way into 
it; and it is more likely that remains of the Hippopotamus, from 
some superficial bed of the Cyrena-period, became incorporated in 
the atmospheric formation which I have described as resulting from 
the thawing of the surface of the permanently frozen soil during 
the minor glaciation, and moving slowly over the surface and pene- 
trating the fissures, so made their way into the few caves in 
which these remains have occurred, than that such an animal as the 
Hippopotamus should have frequented caves for shelter, or had its 
remains dragged thither by carnivorous animals or by man. 

As to the third point, that of an open North Sea during the major 


glaciation, the possibility of it has been denied by one school of 


geologists, who explain the presence of molluscan remains in clays 
of morainic origin by the bed of this sea having been swept out by 
a vast ice-sheet coming from Scandinavia, which filled it. My study 
of the subject, however, has led me to the conclusion not only that 
the presence of molluscan remains in morainic clay did not originate 
in this way, but that throughout the glaciation the ice was of British 
origin solely, and the North Sea open*. The fact that where ice 
issues below the sea-level, moraine must be extruded in the unstra- 
tified form appears to have been overlooked, as well as the fact that 
floes bringing the remains of Mollusca from the shores to which 
they had frozen, and débris and blocks foreign to the area traversed 
by the ice giving rise to the moraine, pack against the face of the 
land-ice thus extruding; and so supply to that moraine material 
which every change in the terminal position of the ice must incor- 


_ * That is to say, from the Norfolk coast southwards at least. The moyement 
of the ice down the coast of Yorkshire and Lincolnshire to form the Purple Clay 
seems to indicate that there was land to the east of it at that time. Perhaps 
this was an extension of the island formed by North Norfolk shown in fig. VIII. 
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porate with it. The vast hypothesis involved in the filling of the 
North Sea by Scandinavian ice, and the thrusting out of its bed to 
supply molluscan remains to morainic clay in Scotland, so far from 
receiving support from these remains is rather negatived by them ; 
for its advocates have not stopped to consider that the remains thus 
occurring are those only of shells now living in British seas, or in 
the Atlantic immediately north of the British Isles, and do not include 
even the two or three peculiar Crag species which survived into the 
earlier part of the period of the major glaciation, and are found in 
the lower part of the sands 67 and at Bridlington, far less the many 
shells of the Upper Crag which had then disappeared from English 
seas. Yet the Red Crag, of the existence of which in Aberdeenshire, 
as well as Iceland, we get undoubted evidence, and which was the 
deposit of a part of the North Sea, shut in by land extending from 
Essex to Belgium, but open to the north, must have been represented 
by the unconsolidated bottom of the North Sea between Scandinavia 
and Britain immediately antecedent to this glaciation. How, there- 
fore, if this was ploughed out, could the shells peculiar to the Crag 
have escaped being mixed up in the resulting moraine ? 
Lastly, as regards the fourth point, the cause of the great refri- 
geration of the Newer Pliocene period, it appears to me that neither 
the theory of Dr. Croll, nor those various moditications of 1t which 
have been advocated by Mr. A. R. Wallace, Mr. Murphy, and others, 
nor any theory based upon alterations in the distribution of land 
and water are reconcilable with the facts which the study of Newer 
Pliocene geology discloses. The single return of cold evidenced by 
the beds described by me under various representations of the letter 
g, and called by me those of the “ minor glaciation,” is only that 
which the continental geologists long ago detected in the second 
advance of the Alpine glaciers, and in no way bears out the suc- 
cessive alternations of warm and cold climate postulated by Dr. Croll 
and by some of the modifiers of his theory. Moreover, as it 1s con- 
ceded by Dr. Croll that the effect of the varying eccentricity in the 
earth’s orbit, and the position of the aphelion point in connexion with 
it, would be nil but for the great (and indeed, he says, complete) 
diversion of the ocean-currents, which niust, according to his conten- 
tion, accompany it, it is evident that if this were the cause of the 
Glacial period, the isothermal lines of Western Europe and Eastern 
North America, the deflection of which is admitted to be due to the 
Gulf-stream, would not coincide with that proportional increase in 
cold in the respective continents which the evidences of glaciation 
indicate. Yet such coincidence is the case, and the same thing 
appears to hold good of the two sides of North America itself. 
Indeed from all the reports we get of glacial evidences in the 
American and Europo-Asiatic continents, it seems that, saving the 
extension of the glaciers in mountains, the land-ice accumulated 
during the glaciations only in those regions which at the present 
time are the regions of greatest precipitation ; and this, again, is in- 
consistent with any diversion of the ocean-currents or of the atmo- 
spheric circulation. 
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Whatever effect upon climate geographical changes may produce 
(and they are, it is by all conceded, considerable) it must be very slow; 
but though some refrigeration had been proceeding throughout the 
Older Pliocene period and the early part of the Newer, its culmina- 
tion in the great glaciation appears to have been rapid. It is, 
moreover, inconceivable by me that changes so great as to have 
given rise to this should have passed away, and again recurred in 
the short interval between the major and minor glaciations. The 
insignificant depression of England traced in Stage VI. could have 
had no appreciable effect upon the climate of the northern hemi- 
sphere. Changes in land and water, if their sufficiency under any 
view of the case to produce a glaciation were conceded, must have 
been of an extent great enough to have altered the distribution of 
land and sea generally over the northern hemisphere ; and it is, as 
I- have said, inconceivable that these should, after giving rise to the 
great glaciation, have changed to those which restored the climate 
of the Upper Crag during the Cyrena-formation, and again changed 
to those giving rise to the arctic climate of the minor glaciation—a 
double coincidence—within the short duration, geologically speaking, 
of the Newer Pliocene period. 

It is therefore, it seems to me, only a variation in the heat of the 
sun to which the glaciations can be attributed. When I expressed 
that opinion in a review of the climate controversy in the ‘ Geological 
Magazine’ for 1876(p. 451), no satisfactory cause for this variation 
had been suggested; but Dr. C. W. Siemens has now advanced the 
theory that the heat of the sun is maintained by the combustion of 
gases diffused in the medium through which it moves, and which 
are drawn in at the polar, and, after combustion, returned by centri- 
fugal force from the equatorial parts of the sun into space. If this 
theory should prove well founded, it would furnish an explanation 
of this variation in the sun’s heat, since the quantity of diffused 
gases may vary in different parts of the medium through which the 
sun moves, and the resulting combustion vary accordingly. 


Postscript. 


After the publication of the first part of this memoir (Q.J.G.S. vol. 
xxxvi.) [ was anxious to reexamine the cliffs of Kaston-Bavent, South- 
wold, and Dunwich (in the north part of Sheet 49); because, according 
to the view which I had there advanced, these cliffs are sections of the 
southern portion of that least submerged area, comprising all Kast Nor- 
folk and North-east Suffolk, which earliest became land, and appears 
to me to have emerged up to and above its present level by the time 
when the ice of the Chalky Clay began to retire from East Anglia ; 
and when all to the south and west of this (except so far as the 
ice extended and kept out the sea) still continued submerged up to 
those heights increasing southwards and westwards proportionally 
to the original increment of depression which I traced in that part 
of the memoir as indicated by the height above O.D. attained by the 
junction of the gravel c with the Chalky Clay overlying it; and I 
succeeded, though with some difficulty, in doing so. 
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I found that the bed which in the representation of Easton-Bavent 
cliff in the Introduction to the first Supplement to my father’s ‘ Mo- 
nograph of the Crag Mollusca’ was shown as the Contorted Drift 
(7 of that representation, and 63 of this memoir), is really the 
moraine of a stream of ice which issued from the great inland ice- 
field at the close of the Chalky-Clay formation in East Suffolk, 
this moraine being a reconstruction of the Chillesford Clay on which 
it rests, and of some of the pebbly sand } J which had covered that 
clay, and over which this ice-stream had passed*. Another of these 
(which in that representation was also shown in the Contorted Drift) 
cuts wedge-like into this sand on the higher part of the cliff near the 
dismantled homestead of Kaston-Bayvent; and a third cuts through 
these sands at the low south extremity of this cliff, near the part 
where they are bedded up to the early glacial island formed of 
Chillesford Clay, which is represented by the lower parts of Easton 
and Coyehithe cliffs. This last-mentioned moraine runs down below 
the beach, and had a patch of Chalky Clay incorporated in it. At the 
north end of Southwold Cliff, near the marsh of the Buss Creek, is 
another of these moraines of sandy clay produced by the reconstruc- 
tion of the pebbly sand, 6 7, with some (probably Chillesford) clay ; 
but this is overlain with chalky sand, like that mentioned in the sequel 
as occurring in the well-section, which, again, is overlain by a few feet 
of the ordinary Chalky Ulay,and this, again, by brickearth from which 
considerable remains of an elephant were many years ago obtained ; 
and the whole occupies and fills the southern edge of a trough that 
has been cut through the sands 61, which form all the rest of the 
Southwold cliff, and which trough, to the north of the edge of it 
which is thus filled up, is now the marsh of the Buss Creek. It is 
evident to me that when these ice-streams went off from the main 
body of ice (which was but few miles inland, where the Chalky Clay 
in its usual form and thickness occupies the country with but little 
interruption as shown in Sheet 50 of Map 1), the sea-level was 
slightly, though not much, below its present position here, these ice- 
streams travelling to it. Whether the Brickearth with elephant 
remains accumulated in the same trough after this comparatively 
thin stream of ice ceased, but while yet the ice was issuing in 
glaciers through the main channels by which I have described it 
as issuing in East Anglia to the North Sea after its volume became 
too much reduced to cover the emerged plateaux there, and so be 
synchronous with the Hoxne brickearth, or whether it be a later 
deposit, I can see nothing to show. 

I also found that the “Joam capping Dunwich cliff, that had for 
many years perplexed me, was not the Contorted Drift, as supposed 
in the first part of this memoir, but moraine of similar local origin 
to that just mentioned, with slight traces of the Chalky Clay and a ~ 
few of its flints here and there in it; and that the whole of this 
cliff beneath it consisted of the sands 6 7 with great beds of shingle 
in them at the two extremities of the cliff, and a partial intercalation. - 


* This is adjoiming Easton Broad; and a close inspection of it is necessary 
to see its distinctness from the Chillesford Clay on which it rests. 
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of a thin bed of clay near the 


, SEE 
north end, which was cut off &3.° 9 
by that shingle. Notraceof Soa 8 # O 
the gravel cI found, however, — #—§ =a 
appears,andthefluvio-marine 5385 b 
Crag only shows itself by two 22.5 2 | 
small bosses rising through § © = Q 
the beach near the south ex- 2 4® . SS 
tremity of the cliff. oH E = 
The evidences thus afforded 2Q S 
of the ice at the time of its eS le 
greatest extension in East = RS 
Anglia streaming in no great - 
thickness over the land near- N 
est the sea, but lying in ~ 
greater thickness afew miles ; 


inland, while its main outlet 
was by glaciers that de- 
scended below the sea-level 
ofthe time, and issued through 
the more considerable valleys 
of East Anglia as fiords, ap- 
pear to me quite to coincide 
with the description given of 
the shores of Davis’ Straits 
and Baffin’s BayintheJournal 
of the Society (vol.ix. p.301), 
by Dr. Sutherland, whose 
illustration of a part of those 
shores, by permission of the 
Council, I here give. 

We have only to substitute 
the low land and soft sands 
and clays of the Hast Anglian 
shore for the rocky soil and 
more elevated land of Baffin’s 
Bay, over which, in Dr. Su- 
therland’s representation, the 
ice in varying, but in no case 
great, thickness is streaming 
off from the thicker ice more 
inland, to form, in my opi- 
nion, an accurate idea of the 
shore(a little further eastward 
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‘than the present) of North- 3—2'E 
east Suffolk at the time when “8 £ 3 
the ice of the Chalky Clay a. 
reached its greatest exten- B 
sion, and before it shrank oy 
from the plateaux, to become Boe) 
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near its issue confined to the valleys, which were then in that part of 
East Anglia a little above their present level. According to Dr. 
Sutherland, the main issue of the thick inland ice, from which the 
shallow sheets and streams that he shows in the cut as falling and 
welling over the cliffs come off, takes place through channels between 
the ice-buried islands of one of which the cliffs in his illustration 
are the section. Some of these channels he infers, from the length 
of fish-lines the Esquimaux use in fishing off the terminations of the 
glaciers that issue through them, descend 2400 feet below the sea- 
level, and are consequently filled with ice of that thickness. ‘This is 
far in excess of the depth of the channels by which the issue of the 
ice of the Chalky Clay took place at the time which I have selected 
this representation to illustrate ; for the principal one of these issue- 
channels in Kast Anglia, which is that of the Waveney and Yare (and 
which passed north of the island of which Easton-Bavent, Covehithe, 
Pakefield, and Hopton cliffs form a section), appears by the Yarmouth 
artesian well to descend only 170 feet below the present sea-level*. 
The wedge- or dyke-like small moraines that cut through the sands of 
Easton-Bavent are precisely of such a character as the small tongue 
of ice cutting down nearly to the sea on the right of Dr. Sutherland’s 
figure would, I imagine, give rise to. 

I also caused a well to, be sunk last year upon the line of fig. I. 
(in the Plate to the first part of this memoir) where this crosses the 
Deben valley. The place of it is where the Chalky Clay (after 
covering the brickearth 63 of Hasketon kiln, and the gravel c 
bedded up to it) thins off on the brow of this valley. The well was 
8+ feet deep, and after passing through 2 feet of atmospheric for- 
mation, and + feet of the Chalky Clay, it traversed 12 feet of chalky 
sand and of grit with very small lumps of rolled chalk. This gra- 
dually changed into the gravel c, the upper part of which contained 
the shell-fragments described at p. 484 of the first part of this 
memoir, and much rolled chalk, both these fragments and the chalk 
eradually ceasing downwards. This gravel continued down to 75 feet, 
the last 9 feet only consisting of reddish-yellow sand, in the lower 
part of which were faint seams of comminuted Crag, and which sand 
may be either the Crag or, more probably, the base of the sand 6 1 
containing these seams of material derived from the waste of the 
shores of the Crag beds up to and over which these sands were at 
the outset spread. Thus it is clear that the trough or channel of the 
Deben valley, which during the emergence had been washed by cur- 
rents out of the sea-bottom formed of 6 7 and 6 3, was, on its west 
side, completely filled up by an accumulation of the gravel ¢ and of 


* Many of the glacier-fiords by which this issue takes place in Greenland 
are, however, so shallow that boats can scarcely enter them. The Waveney 
issue probably took place partly by a fiord then constituted by Oulton Broad 
and Lothing Harbour, now filled in by more recent accumulations, so that. the 
Waveney river has been barred out from entering the sea there, and diverted 
northwards into the Yare. The plunge of the Chalky Clay into this issue-channel 
is shown in the railway-cutting at Mutford. The plunge into the main issue- 
channel of the Yare is (or was) well shown by the section at Burg Castle 
brickfield. 
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this chalky grit to a greater thickness even than I have represented 
in fig. L., all of which, towards the centre of the valley, was, after it 
had laid the Chalky Clay (@) on this gravel and grit, ploughed out 
by the ice as it shrank into or thickened in that valley as emergence 
proceeded. 

This chalk-grit evidently corresponds to the band of marl overlying 
the gravel c shown in fig. X4., and described at p. 488 of the first 
part of this memoir; and was produced by the washing out of the 
Chalky-Clay mud-bank by the ice-water immediately before this bank 
was precipitated into the sea along the shore. 

I have also, since the publication of the first part, been fortunate 
in discovering a section disclosing distinctly the behaviour of the 
brickearth, 63, to the sand 6 7 in East Suffolk. This is at Tudden- 
ham, three miles N.E. of Ipswich; and there a denuded remnant of 
the lower part of this brickearth, about 8 feet thick, overlain by the 
gravel ¢ (just as it is shown overlain along its denuded edge by this 
gravel in fig. I.), passes by alternate seams of brickearth and sand 
into the sand 6 7, which underlies it in a thickness of about 15 feet, 
and rests on the London Clay, the Crag having either never 
existed there or been entirely removed. With the light thus 
thrown upon the subject, I infer that the break in the great sub- 
sidence, which in the first part of this memoir I thought might be 
indicated by the unconformity between the black sandy Till at 
Hasboro’ and Bacton cliffs and the overlying stratified silt and clay, 
did not take place; and that the apparent unconformity must arise 
from this sandy Till, which is but very obscurely stratified, is nearly 
destitute of chalk (while the stratified silt and clay is full of it), and 
contains fragments and worn valves of the commoner shells of the 
sand 6 7, being a morainic reconstruction of those sands by the first 
ice which reached Nortolk, soon after the commencement of the great 
depression submerged this shore of the Crag estuary, and which pro- 
bably came from a more northerly direction than that which gave 
rise to the main mass of the Cromer Till, which, unlike this sandy 
Till, is full of chalk-débris. As this ice by its retreat before 
increasing submergence uncovered its moraine, the sea wore those 
hollows in its surface in which sands are bedded, and the whole then 
became covered by the horizontal and highly stratified mud full of 
chalk-débris and chalk-silt which spreads evenly over this uncon- 
formable surface, and probably was supplied by currents from the 
ice issuing through the Humber, of which the clay B is the moraine. 

The shingly sands, 67, at Southwold, immediately beneath the 
moraine at the north end of the cliff, described a few pages back, 
contain a seam of broken shells, which was also exposed in the 
railway-cutting a mile or so inland. 

The species are exclusively those of the fluvio-marine Crag, and 
were, I consider, derived from it when, at the commencement of the 
formation of these sands, that Crag and the Chillesford Clay formed 
islands, and when in the channels around these islands those sands 
were first bedded. No trace of the characteristic shell of the lower 
part of those sands in Norfolk, Tellina balthica, could be detected in 
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this seam, but the sands containing this seam are, in my opinion, 
clearly no part of the Crag, and really unfossiliferous. 

It is worthy of note that in this part, which is the region where 
the other evidence traced in the first part of this memoir shows the 
submergence to have been least, shingle-beds occur in the sand 6 1 
from the top to the bottom ; for these are evidence rather of shallow 
than of deep water. 


[ Nore. October 1882.|—Since this memoir went to press, a descrip- 
tion of some sections lately exposed at Stoke Newington has been 
given by Mr. Worthington Smith in ‘ Nature’ of the 12th October, 
1882. From these it appears that the Cyrena (Corbicula) does 
occur at that place, and up to an elevation there of about 68 feet 
above O.D. ‘This is in bed B of Mr. Smith’s section 4, which, with 
the sands overlying it, and marked C to F in his section, corresponds 
to bed # 3 of my figures, and is overlain by alternations of sand and 
clay (G to M) forming the passage upwards to his bed N, which 
corresponds to my bed ¢4. This again is overlain and ravined by 
the atmospheric formation y, which is bed Q of Mr. Smith’s figure. 
The “floor,” which Mr. Smith describes as containing paleolithic 
implements mixed with bones of Mammoth, Horse, Bison, and 
Reindeer, and with blocks and seams of transported London Clay, 
seems to occur at the horizon of the passage of #3 into ¢4, and thus 
to show that the Reindeer came in as the approach of the minor 
glaciation caused the severer climate from which the outpour of mud 
giving rise to ¢4, and the transport of these seams and blocks of 
London Clay, proceeded. ‘This is slightly above the part where the 
Cyrena ceases to occur in the section. 

The duplication of this “floor” by a movement of subsidence, 
which Mr. Smith also shows, seems due to a step in the depression 
in which the Cyrena-formation originated; and as the horizon of 
this floor seems to me to coincide with that which carried the salt- 
water up the Somme valley to Menchecourt, where, according to 
Prof. Prestwich, the Reindeer occurs with the Cyrena, perhaps that 
shell lingered in France after it had ceased to live in England. 


REFERENCE TO THE FIGURES AND MAPS WHICH ACCOMPANY 
BOTH PARTS OF THE MEMOIR, AND EXPLANATION THEREOF. 


(Vol. XXXVI. Plate XXI. and Plate XXVI. of the present volume.) 


The formations older than the Newer Pliocene are shown by Roman numerals, 
viz. :— 

I. The Neocomian. II. The Gault and Upper Greensand. III. The Chalk. 
Ill’. The Chalk glaciated by the passage of the land-ice over it. IV. Thanet 
and Woolwich beds. V4. Pebble-beds at base of London Clay. V. The Lon- 
don Clay. VI. The Bagshot series. VII. The Lower Oligocene. VIII. Pebble- 
beds, probably of Diestian (oldest Pliocene) age. 


The beds of the Newer Pliocene series are indicated thus:— _ 
Those of the Upper Crag (Stage I.).-—al1. Red Crag. ai’. Fluvio-marine 
Crag. a2. The Chillesford Clay. 
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Those of the great depression (Stage II.)—01. The Pebbly sand or Bure- 
valley beds. 02. The Cromer Till. 03. The Brickearth, which being con- 
torted in the Cromer Cliff is there called the Contorted Drift. 0’. Sand and 
gravel, representing 61, 62, b3 by extension of the submergence. B. The base- 
ment-clay of Holderness, synchronous with 6 2. 

Those of the rise from the great depression (Stages III., IV., and V.).—e 
(except in figs. XLVI. and XLVIII.) issand and gravel, which, being a continua- 
tion of 6’, was synchronous with the advance of the ice; and where it was 
below the sea as the ice approached it is composed of material from its moraine. 
ce, in figs. XLVI. and XLVIIL., represents sand-beds connected with the base 
of D. d. The Chalky clay. e¢. Sand and gravel synchronous with the retreat 
of the ice, and which, so far asemergence allowed the sea to enter the channels 
during this retreat, was deposited over d. ¢’. Gravel and sand formed terrestri- 
ally by the effluent water of the ice of the Chalky Clay. D. The Purple Clay 
of Yorkshire. D’. The Lower Clay of the North-west of England. f. Sand and 
gravel, being a continuation of ¢ and e. 

Those of the Oyrena-fluminalis formation (Stage VI.).—. Fluvio-marine 
sand and gravel of Yorkshire. ©’. Marine sand and gravel of the North-west 
of England. 9. The Cyrena-formation within the valleys of the Thames system ; 
divided into—@ 1, Gravel occupying the river-bed before depression ; ¢ 2, Strati- 
fied Brickearth with seams of sand and fine gravel, and containing freshwater 
shells; ¢38, False-bedded yellow sand with fine gravel, and containing fresh- 
water shells in its lower part; #4, Brown brickearth without shells. At 
Clacton (fig. XXTV.) ¢2 is blue loam with land- and freshwater shells, being 
bed 6 of Geological Survey Memoir, and bed d of the section of Mr. O. Fisher, 
in vol. v. of the ‘Geological Magazine,’ p. 214; ¢2a, Dark brown peaty shale 
and greenish clay with valves of Scrobicularia piperata, valves of Balanus, oper- 
cula of Bithinia tentaculata, and pieces of wood, being bed 5 of Geological 
Survey Memoir, and bed ¢ of Mr. Fisher’s section; and #3 is sandy clay, con- 
taining Cyrena fluminalis, Paludina lenta(P. clactoniensis of 1st Supplement to 
‘Crag Mollusca’), and Rissoa thermalis, in association with Cardiwm edule, being 
bed 3 of Survey Memoir, and bed } of Mr. Fisher’s section. I presume that it 
was from this bed or from 9 2A that all the salt-water shells, Cardiwm edule, 
Scrobicularia piperata, Mytilus edulis, Tellina balthica, Tellina tenuis, Mactra 
ovalis, and Turritella communis, which in the Geological Survey Memoir are 
given as from Clacton, were obtained. I possess all but the thee last named, 
collected from there by my father. 

N.B.—In fig. VI. (in Plate to first part of Memoir) the whole Cyrena- 
formation at Grays is shown under letter /”. 

Those of the Minor Glaciation (Stage VII.).—G. The marine gravel of Hants 
and Sussex with great blocks. G’. The Upper Clay of the North-west of 
England. I. The Hessle Clay. Ty. Sand and gravel referred to the effluent 
water of the land-ice. y. The atmospheric formation resulting from the 
thawing and refreezing of the uppermost part of the frozen land. g. River- 
gravel. yn. Band of flat fragments in Rutlandshire and South Lincolnshire. 
gh. Gravel with flattened fragments of hard chalk at Bridlington. 

Those subsequent to the Minor Glaciation—H. Marine sand of the North- 
west of England, which in fig. LIT. contains molluscan remains. 4h. Fluviatile 
sand and gravel. ~-. Recent beds and marsh clay. 

The vertical seales are in feet above ordnance datum, signified by O. D.; H. W. 
signifying high-water mark. Hlevations are in some cases written over the 
surface-line of the figures*. Figs. LI. and LIL are reduced from those of Mr. 
G. Maw, in vol. vi. of the ‘ Geological Magazine,’ p. 72; fig. LIII. from that of 
Mr. Mackintosh in vol. xxxiii. of the Journal, p. 733; and fig. LV. from that 


* T have had much difficulty in ascertaining elevations, the indications of 
them on the Ordnance Maps being confined to a few sheets, and these mostly in 
the north of England; but I have ascertained them sufficiently near for general 
purposes by obtaining the gradient profiles of most of the railways and allowing 
for differences between their datum-lines and ordnance datum. The ordnance 
book of levels is of but partial aid, being confined to certain main lines of road. 
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in the plate to Mr. Codrington’s paper in vol. xxvi. of the Journal, the dis- 
tinguishing letters being substituted to agree with those in this memoir. 

The lines of figs. VI. and VII. (in the Plate to the first part of this memoir), 
XXI., XXII, XXVII., and of XXIX. to XLI. are shown by their indicating 
letters on Map 3; and that of fig. XXVIII. is shown in part on that map, but 
wholly in the continuation of Map 2. The lines of figs. I., III., V., VIL., VIL, 
VIII., IX. and XLII. are shown by their distinguishing letters on Map 2 or 
its continuation. The lines of figs. I., III., V., VL, VIL., VIII. and IX., are 
also shown on Map 1. The places of figs. XLITI., XLIV., those of XLVI. to 
LIV., and those of the cuts Nos. iv. and v., are shown by their distinguishing 
letters on Map 5, and that of fig. LV. on the continuation of Map 2. Line 
AN in Map 8 is that of Prof. Hughes’s figure, in cut No. ii. 

The asterisk in Sheet 84 of Map 4 indicates the part where the Chalky Clay 
consists of reconstructed chalk, similar to the material of which most of the 
masses in the Contorted Drift in North Norfolk are composed. 

The letters AP have by inadvertence been used to indicate one thing in Map 5, 
and a different thing in the continuation of Map 2; but the references to them 
in the body of the memoir will prevent any confusion between them. 

The line marking on Map 4 the extreme limit of the Chalky Clay is shown 
as continuous, where known to me with exactness, and as broken where not; but 
in Map 8 it is, though exact,a broken line. Theislands (partly in Sheet 46 and 
partly in Sheet 47) which are shown in Map 4 within this line, were not over- 
whelmed by the Chalky Clay until their size had been enlarged by emergence, 
as partly shown in Map 2, and not until the other islands shown in that map 
had emerged. The islands in Sheets 46, 13, and 7 of Map 4, not thus over- 
whelmed, are covered with the atmospheric formation of the major glaciation, 
viz., clay with flints and upland brickearth. Map 3 (which is an enlargement 
of the corresponding part of Map 2 in the greater detail: which the larger scale 
of it allows, with the gravels ¢, e, and f shown in it as bedded in the channels 
around the islands) should be compared with the similar portion of Map 4, and 
it will be seen that the Colne channel came into existence by the coalescence 
into one island from emergence of the several small islands, shown in Sheets 7, 


46, and 47 of Map 4, and by the origin from emergence of the islands to the 


east of the Channel, inSheet 7. The ice as it reached this more lofty (coalesced) 
island to the west of the Channel, was checked by it, so that after over- 
whelming the two shown in Sheets 46 and 47 within the line (and which are 
enveloped by the Chalky Clay to their highest elevation, which is 550 feet above 
O.D.), it issued through this Channel in the way shown by the tongue-like pro- 
jection of the broken line which marks the limit of the Chalky Clay there in Map 3. 
Somewhat earlier in the emergence it had issued by the Channel to the north 
of this island, which is shown in the centre of Sheet 46 of Map 2 (see Plate to 
first part of memoir) as extending over the water-parting between the Ivel, 
the Ouzell, and the Thame—patches of Chalky Clay occurring there which are 
delineated in Map 1; but its movement in this direction seems to have been 
arrested, while it was continued over the partings between the Ivel, Lea, and 
Colne*. It is at the extremity of this line in the Colne Channel at Birkett 
Wood, and at about 250 feet elevation, that the Chalky Clay underlain by tire 
gravel ¢, is also overlain by the gravel e; the sea on the retreat of the ice having 
re-entered the Channel thus far from the south-westward. 

In the south-east of Sheet 47 of Map 3 this line is shown as projecting tongue- 
like down the Blackwater Channel between the islands of Danbury and Tiptree, 
which, being covered with the gravel 0’, do not appear in Map 4, but are shown 
as emerged in Map 3. This projection is made in order to include the patch of 


* This arrest we may infer was caused by the resistance offered by the greater 
elevation of the parting between the Ivel and Ouzell, which is nearly 400 feet, 
while that of the parting between the Ivel and Lea by way of the Beane (which 
is the one that the Chalky Clay follows) is about 300 only, the elevations of all the 
partings by which the clay crosses from the Lea (Beane) to the Colne Channel, 
and which are all included within the lower plain of Mr. Hughes's section, 
p. 678, being under that also. 
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Chalky Clay (@) shown in fig. XL.,.the line of which figure crosses this channel to 
the south of fig. VII. ; and it shows how the ice entering this channel and con- 
stricted by these two islands issued by it to the North Sea. “The patch of Chalky 
Clay shown in fig. XL. being above the level to which from emergence the sea- 
line in this part had then fallen, the sea on re-entering this channel as the ice 
receded did not reach it, and it has therefore no gravel over it; but part of 
the same clay in fig. VII. being below that level, the sea covered this part with 
the gravel e, as shown in that figure. The ice also passed round the western 
side of Danbury Hill, against the lower part of which also, but beyond the 
limit of fig. XL., it has laid the Chalky Clay ; and mounting the rest of the island, 
shown as extending through the centre of Sheet 1, of which Danbury Hill was the 
eastern promontory, it has covered much of it with its moraine of Chalky Clay up 
to the broken line which in Map3 denotes the southern limit of that clay, illus- 
trated by fig. VI. 

The delineations of the gravels c, e, f, and g are, in Sheets 7 and 46, taken from 
the Geological Survey Maps (published and unpublished), as well as the line 
showing the limit of the Chalky Clay there*; but in the other sheets these are 
all taken from my own field-work. In Sheet 47 much of the gravel shown 
(except at the south-east extremity) is covered up by the Chalky Clay, and being 
exposed along the valley-edges and cut out of the valley-centres, it for the most 
part forms a fringe to the Chalky Clay along the valley-sides, but is intermitting 
in places. 

The numbered divisions in all the maps are those of the one-inch scale 
Ordnance sheets; but by inadvertence the number 13 was inserted in two divi- 
sions of Map 1, that which is next to 12 on the left hand being No. 14. I find 
also that two or three of the small islands .shown in the south-east of Sheet 54 
of Map No. 2 should have been omitted, their elevation being below that which 
would correspond with the stage in the emergence intended to be represented. 


Discussion. 


Dr. Gwyn Jrrrreys considered Corbicule fluminalis essentially 


a freshwater species, and that where, as at Kelsea Hill, it was: 


found mixed with marine shells, the fact must be accounted for 
by the freshwater shells having been washed into the sea. He 


* The only departure made by me from the survey representation (in which 
the gravel f is shown by a different colour from ¢ and @) is in giving g distinct 
from f by elevation, the gravel shown by me under the dottings respectively 
indicating the gravels f and g being shown in the Survey Map as one. There 
are also a group of gravels shown in the Survey Map under a separate colour 
as “pebble gravel.” These (which are omitted from Map 3) rest on the islands 
shown in that map on the east side of the Colne Channel; and that gravel which 
is comprised in Prof. Hughes's section at page 678, and called by him “ Pebble 
gravel of the Higher Plain,” is part of these. Most of this gravel is, like that in 
Prof. Hughes’s section, the earlier part of the gravel c, which had emerged before 
the ice of the Chalky Clay reached it, and though composed chiefly of kidney- 
shaped flint pebbles, derived from the bed VIII. of my figures, contains a large 
proportion of quartz and quartzite pebbles also; but some of what is thus 
shown is, I think, not that gravel but bed VIII., which I am quite clear is not 
of Newer Pliocene age at all, and, I think, probably oldest Pliocene (Diestian), 
z.e. the shingle equivalent of the Lenbam and Paddlesworth sands ; and in this 
nearly every pebble is of flint. To keep in accord with the Geological Survey Map, 
T have shown in Map 3 the patch of gravel cat Finchley ; but in my opinion this, 
like most of that coloured as pebble gravel, is the earlier part of c, which had 
emerged at the time represented by Map 3, and had the Chalky Clay laid upon 
it-terrestrially ; so that in order to show correctly the geographical conditions of 
the time, it should, I consider, be omitted from that map, and the black tint 
representing the island of Hampstead and itiighgate Hill extended so as to 
include this part of the gravel and into connexion with the black tint to the 
north of it. 
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noticed the remarkable assemblage of southern forms of fossil Mol- 
lusca found at Selsea; and he questioned the former occurrence of 
glacial conditions in that part of England. He suggested that the 
deposit described in the paper ought to be called Posttertiary, and 
not Newer Pliocene. 

Mr. Wuiraxer referred to the great ee of the abstract supplied 
by Mr. Wood. He did not agree with the author that the Brandon 
brick-earths are interstratified with the Great Chalky Boulder-clay, 
but thought that the Boulder-clay underlying the brick-earth was a 
distinct deposit. The so-called “ Hunstanton Gravel” is nothing 
but a mass of shingle and sand a little above the sea-level. He 
thought the brick-earth of the Nar to be of almost as modern age as 
the mud of the Thames. He was interested by the ingenious theory 
of sliding muds in Arctic regions. 

In reply to Dr. Jeffreys he pointed out that Corbicula fluminalis 
occurs in the Crag. He thought that the range of species might 
have been very different in former times from what it is at present. 
Mr. 8. V. Wood had found Mediterranean shells in deposits which were 
undoubtedly of glacial age. He remarked upon the difficulty of 
drawing a line between the Pliocene and Drift deposits, and ex- 
pressed his sense of the great value of these researches of Mr. Wood. 

Prof. Szrtey admitted that the gravels of Hunstanton (which he 
had first described) exhibited in places beach-conditions, but they 
graduated into estuarine and freshwater deposits. He thought Mr. 
Wood had not sufficiently taken into account the necessarily local 
characters of many of these gravel deposits in relation to the con- 
tours of existing valleys while estuaries were disappearing from 
them, and when many parts of the country were at different levels 
relatively to what now obtains. 

Mr. Kocn stated that he had seen in Norway, during changes of 
wind, masses of ice, containing shells frozen into it, sometimes 
carried 60 or 70 miles down the fiords. 
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[The fossils referred to are described ; and those of which the names are printed 
in italics are also figured. | 


Aberdeenshire, Mr. T. F. Jamieson on 
the Crag-shells of, and the Gravel- 
beds containing them, 145. 

, map of the localities of the 
shelly gravel of, 146. 

Aberdeenshire coast, Mr. T. F. Jamie- 
son on the red clay of the, and 
the direction of the ice-movement 
in that quarter, 160. _ 

, map of the, showing the 
distribution of the Red Clay of the, 
161. 

Actinozoa of the Blackdown beds, 85. 

Acton, Cyrena-formation at, 696. 

Aguacate mines, direction of lodes in 
the, 331. 

Alajuela valley, section through, 333. 

Aldons, section of large quarry at, 573. 

Algee, doubtful remains of, in the 
upper beds of the Fifeshire Coal- 
measures, 251. 

Almeria, Spain, M. J. Gonzalo y 
Xavier on the discovery of ‘Triassic 
fossils in the Sierra de Gador, Proc. 


242. 
Alum Chine, section through, 4. 
Anabacia complanata, 434. 

Anglesey, Prof. T. M‘K. Hughes on 
the geology of, 16; petrology of, 
21; paleontology of, 25. 

Annelida of the Blackdown Beds, 86. 

Tubicola, Mr. G. R. Vine on the, 
of the Wenlock Shales, 377. 

Anniversary Address of the President, 
Proc. 36-236. See also Etheridge, 
R., Esq. 
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Annual Report for 1881, Proc. 15. 

Anomorrheea Fischeri, 498. 

Antedon calloviensis, 40. 

latiradia, 38. 

Appleford, section through, 128. 

Arabian Desert, Mr. J. Arthur Phillips 
on the red sands of the, 110. 

Arboreal vegetation, coexistence of, 
with land-ice, 732. . 

Archzan axis, western, of Shropshire, 
description of the, 119; map of the, 
120. 

ridge, map showing approximate 
boundaries of the two British Cam- 
brian basins and of the intervening, 
2 

Ardmillan and Penwhapple, Grapto- 
litic Flagstone series of, 584. 

beds of Mulloch Hill, section 

through the, 618. 

Braes, Girvan rocks of, 589. 

Burn, Girvan rocks of, 591. 

group, 603, 629, 662. 

rocks of Penwhapple Glen, sec- 

tion of the, 604. 

series, generalized section of 

the, 621; Barren Flagstones of 

the, 648. 

shore, description of the Grap- 
tolitic Flagstone series of, 593; 
typical section of, 595. 

Ardwell shales and flags, 594, 605. 

beds, 603, 621. 

Arenig, erratic blocks from, 686. 

Armagh limestone, Mr. James W. 
Davis on the fossil fish-remains from 
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the, in the collection of the Earl of 
Enniskillen (abstract), Proc, 12. 

Ascodictyon filiforme, 54. 

radiciforme, 53. 

stellatum, var. s¢/wriense, 52. 

Ashby, section through north side of, 
(16. 

Assel Water, calcareous series in the 
valley of the, 564. 

Attwood, George, Esq., on the geology 
of a part of Costa Rica; with an 
appendix by W. H. Hudleston, Esq., 
328. 


Auchensoul, Girvan rocks of, 560. 

Auchlewan, Girvan rocks of, 562. 

Augite-andesite, section of, 332. 

Australia, Prof. R. Owen on an extinct 
Chelonian reptile (Notochelys cos- 
tata, Owen) from, 178. 

Avisford Sands, 705, 724. 


Baerocrinus, Hybocrinus, and Hybo- 
cystites, Mr. P. Herbert Carpenter 
on the relations of, 298. 

, calyx-diagrams of, 298. 

, diagram of, 301. 

Ungerni, 298. 

Bairnsdale (Gippsland), Mr. A. W. 
Waters on Chilostomatous Bryozoa 
from, 502. 

Bala Group, Prof. T. G. Bonney on 
some nodular felsites in the, of 
North Wales, 289. 

Balclatchie, transitional zone of, 584. 

Bridge, typical section near, 585. 

, section at, 604. 

beds, 585. 

slates, grits, and conglomerates, 
586. 

Baldrennan Burn, section in, 627. 

Baltic Islands, Cambrian and Silurian 
rocks of, 319. 

provinces of Russia, Prof. F. 
Schmidt on the Silurian (and Cam- 
brian) strata of the, as compared 
with those of Scandinavia and the 
British Isles, 514. 

Banffshire coast, Blue Clay of the, 
169. 

Barbae, Girvan rocks of, 588. 

Bargany, sections south of, 655. 

and Straiton, flagstones and 
shales of, 650. 

Barlow-Jameson Fund, Award of the, 
to Baron Constantin von Ettings- 
hausen, Proc, 45. 

Barnston, rhetics at, 453. 

Barnwell, Cyrena-formation at, 698. 

Barr or Stinchar Series, 603, 659. 

Barren flagstones, 603, 607, 613, 615, 
621. 
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Basalt of Madeira, 277. 

Bayfordbury, section through, 678. 

Beddgelert, nodular felsite near, 
293. 

Benan Conglomerate of Girvan, 551, 
554. 

Burn, typical section of the strata 
of, 555. 

Benniworth-Haven cutting, sketch of, 
243. 

Berry, E. E., Esq., analysis of five 
rocks from the Charnwood-Forest 
district, with notes by Prof. T. G. 
Bonney, 197. 

Berwynia Carruthersi, 98, 100. 

Biggleswade, gravel near, 675. 

Binney, E. W., Esq., and J. W. Kirkby, 
Esq., on the Upper Beds of the 
Fifeshire Coal-measures, 245. 

Blackdown beds, Rev. W. Downes 
on the zones of the, and their corre- 
lation with those at Haldon, 75. 

, age of the, 77; correlation 

of the, with other localities, 79; 

fossils of the, 85. 

and Haldon, comparative general 
sections at, 84. 

Blackwater valley, 711. 

Blair and Drumyork, section of the 
grey flags and shales at, 656. 

Blue Clay, Cambrian, of the Russian 
Baltic provinces, 517. 

Bohemian deposits, comparison of 
Scandinavian, Cambrian, and Silu- 
rian strata with, 320. 

Bologna, Prof. T, M‘K. Hughes on 
the Proceedings of the International 
Geological Congress at, Proc.,2; Mr. 
W. Topley on the Proceedings of the 
International Geological Congress 
at, Proc. 6. 

Bonney, Prof. T. G., on some speci- 
mens of Shropshire rocks, 124. 

, on five rock-specimens from the 

Charnwood-Forest district, 197. 

, on some nodular felsites in the 
Bala Group of North Wales, 289. 

Borealis Bank, 527. 

Borkholm zone, 524. 

Bornholm, Cambrian and Silurian 
rocks of, 319. 

Boscombe and Poole Harbour, sec- 
tion of cliff between, showing posi- 
tion of plant-beds &e., 4. 

Bourne-Common Sands, 705. 

Bournemouth beds, description and 
correlation of the, by Mr. J. S. 
Gardner.—Part. JI. Lower or 
Freshwater Series, 1. 

, flora of the, 12. 

——., gravel of, 688. 
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Brachiopoda of the Blackdown beds, 
6. 
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Braehill, section through, 645. 

Bramshaw telegraph, gravel of, 688. 

Brandon, brick-earth at, 672. 

Brandschiefer of the Baltic Provinces 
of Russia, 522. 

Branksome glen, section through, 4. 

Chine, section through, 4. 

Brickearth at Mildenhall and Bran- 
don, 672. 

, Upper, 729. 

Brickenden Green, section through, 
678. 

Bridlington, 684. 

Brighton, buried cliff at, 704, 718, 
720, 723. 

, section of buried cliff at, 721. 

British Isles, Silurian (and Cambrian) 
strata of the Baltic provinces of 
Russia, compared with those of 
Scandinavia and the, 514. 

deposits, comparison of Scan- 
dinayian Cambrian and Silurian 
strata with, 320. 

Broad Chine, section through, 4. 

Brockenhurst marine series, 462. 

Brockloch quarry, section in, 567; 
section of quarry between, and Lit- 
tle Lane Toll, 569. 

Brook, Prof. H. G. Seeley on a re- 
markable Dinosaurian coracoid from 
the Wealden of, probably referable 
to Ornithopsis, 367. 

Bryozoa, Mr. A.W. Waters on Fossil 
Chilostomatous, from Mount Gam- 
bier, South Australia, 257. 

, Chilostomatous, Mr. A. W. 
Waters on, from Bairnsdale (Gipps- 
land), 502. 

Byne Hill, Girvan rocks of, 578. 

——., section across the Ballantrae and 
Girvan rocks of, 579. 


Caberea Boryi, 261. 

grandis, 261. 

Caemawr, section through, 20. 

Caermarthen, ground-plan of Coygan 
Cave, near Laugharne, 283. 

Cesar’s Camp, 681. 

Calamites infractus, 498. 

leioderma, 499. 

Suckowii, 499. 

Caledonian type of Lower Cambrian 
beds, 212. 

Callaway, Dr. C., on the Torridon 
Sandstone in relation to the Ordo- 
vician rocks of the Northern High- 
lands, 114. 

, on the Precambrian (Archzan) 

Rocks of Shropshire.—Part IL. ; 


with notes on the microscopic 
structure of some of the rocks, by 
Prof. T. G. Bonney, 119. 

Cambrian beds, Lower, Prof. E. Hull 
on the two British types of the, and 
the conditions under which they 
were respectively deposited, 210. 

basins, map showing approxi- 

mate boundaries of the two British, 
and of the intervening Archean 

ridge, 211. 

(Sedgw.) and Silurian rocks, Mr. 

J. E. Marr on the, of Scandinayia, 

313. 

strata of the Baltic provinces of 
Russia, 516. 

Camptoceras, Col. H. H. Godwin- 
Austen on a fossil species of, a fresh- 
water mollusk from the Kocene of 
Sheerness-on-Sea, 218. 

Camptoceras priscum, 220. 

Camregan beds, extension of, to the 
east of Penwhapple Glen, 647; 
west of Penwhapple Glen, 648. 

limestone, Girvan strata be- 
tween the Saugh-Hill fault and the, 
629; Girvan strata north of the, 
644. 

Cain river, 669, 693; gravel of drain- 
age area of the, 671, 672. 

Cape York, cliff-view at, 738. 

Cardiopteris Kutorge, 496. 

Carpenter, P. Herbert, Esq., on the 
relations of Hybocrinus, Baerocri- 
nus, and Hybocystites, 298. 

——, on some new or little-known 
Jurassic Crinoids, 29. 

Cartago valley, section through, 333. 

Cascade Beds, 606, 612. 

Casewick cutting, section in, 670. 

Catenicella alata, 260. 

Cave-earth, origin of, 719. 

Caves, Mr. KE. L. Jones on the ex- 
ploration of two, in the neighbour- 
hood of Tenby, 282. 

Cellaria angustiloba, 260. 

perampla, 260. 

Cellepora albicans, 512. 

— pumicosa, 512. 

scabra, 275. 

Cephalopoda of the Blackdown beds, 
90 


Chalk-inelusions, various forms of, in 
Vill, 230. 

Chalk-masses or boulders, Mr. T. M. 
Reade on the, included in the con- 
torted drift of Cromer, 222. 

Charnwood-Forest district, analyses 
of five rocks from. the,. 197. 

Cheiruride of the Silurian rocks of 
the Baltic provinces, 532. 
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Chelonian reptile, Prof. R. Owen on 
a, from Australia, 178. 

Cheltenham and Gloucester, Mr. R.F. 
Tomes on the Madreporaria of the 
Inferior Oolite of the neighbour- 
hood of, 409. 

Cheshire, Upper Clay of, 701, 716. 

Chilostomatous Bryozoa, Mr. A. W. 
Waters on fossil, from Mount Gam- 
bier, South Australia, 257. 
——, Mr. A. W. Waters on, from 
Bairnsdale (Gippsland), 502. 
Chilton, Prof. J. Prestwich on a 
peculiar bed of angular Drift on 
the Lower-Ohalk high plain between 
Upton and, 127. . 

, section from Upton to, 128; 
sections at, 129, 130. 

Chislet, Cyrena-formation at, 695. 

Chittol, Precambrian rocks of, 121. 

Chorisastrea gregaria, 429. 

—— obtusa, 48. 

rugosa, 428. 

Christiania, Cambrian and Silurian 
rocks of, 318. 

Clacton, Cyrena-formation at, 694. 

Claxby Ridge, diagram of, 240. 

Clay, red, of the Aberdeenshire coast, 
Mr. T. F. Jamieson on the, 160. 

Clays, fossiliferous, of Madeira, 279. 

Clays of the Yorkshire coast, 685. 

Cliffs, buried, 704, 718, 720. 

Climacograptus-modestus shales, 636. 

Climate, effects of geographical and 
other changes upon, 735. 

Clochtow, section at, 158. 

Coal-measures, Messrs. Binney and 
Kirkby on the Upper Beds of the 
Fifeshire, 245. 

Ceenotheca, sp., 432. 

Cold hill, Precambrian rocks of, 121. 

Collieston sand, 153. 

, section through, 151. 

Colwell Bay and Headon Hill, corre- 
lation of the strata of, 478. 

Comatulz, two new, 38. 

Comoseris vermicularis, 448. 

Conchicolites gregarius, var. rugosus, 
o82 


Nicholsonii, 381. 

Confusastrza consobrina, 422. 

tenuistriata, 423. 

Conglomerate, Benan, 551. 

, purple, of Benan Burn, 558. 

Contorted drift, geological position of 
the Cromer, 223. 

of Cromer, 684. 

Conway Falls, nodular felsite near, 
289. 

Mountain, nodular felsite from, 

293, 294, 
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Coral, Mr. R. F. Tomes, on a new 
species of, from the Middle Lias of 
Oxfordshire, 95. 

Corals of the Inferior Oolite of Glou- 
cestershire, 409. 

of the Haldon beds, 91. 

Cornulites scalariformis, 379. 

Corwen, North Wales, Dr. H. Hicks 
on the land-plants from Pen-y- 
glog slate-quarry, near, 97. 

, Principal Dawson on Proto- 
taxites and Pachytheea discovered 
by Dr. Hicks in the Denbighshire 
grits of, 103. 

Costa Rica, Mr. George Attwood on 
the geology of a part of, 328. 

, Mr. W. H. Hudleston on some 
rock-specimens from, 336. 

Cotham, rheetics at, 453. 

Cove Quarry, section at, 164. 

Coygan Cave, ground-plan of, 283. 

Craigbickarae Hill, Girvan rocks of, 
562. 

Crag-shells, Mr. T. F. Jamieson on 
the, of Aberdeenshire, and the 
gravel-beds containing them, 145. 

Craighead Quarry, Girvan rocks of, 
580. 

—— ——,, section of, 582. 

and Glenshalloch, northern in- 
lier of, 614. 

Craigskelly, Girvan rocks of, 640. 

Craigwells or Brockloch Quarries, 
Girvan rocks of, 567. 

, section of quarry northeast of, 
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Crayford, Cyrena-formation at, 695, 
704 


Crewe, peat-beds near, 702. 

Cribrilina monoceros, 507. 

radiata, 265. 

terminata, 507. 

Criffel, erratic blocks from, 686. 

Crinoids, Mr. P. H. Carpenter on 
some new or little-known Jurassic, 
29. 

Cromer, Contorted Drift of, Mr. T. 
M. Reade on the chalk-masses or 
boulders included in the, 222. 

, sections between Sherringham 

and, 227, 228, 281. 

and Sherringham, chalk-mass 

between, 231. 

Till, 684. 

Till and Contorted Drift, geolo- 
gical position of the, 223. 

Crossopodia beds, 652. 

Crustacea of the Blackdown beds, 86. 

Culham, section from, to near East 
Isley, 125, 

Cumberland, Upper Clay of, 701, 716 ; 
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peat-beds in West, 702; level of 
water in, during minor glaciation, 
727. 

Cyathocrinide, diagrams of the anal 
system of the, 306. 

Cyathophyliia oolitica, 421. 

, sp., 421. 

Cyrena-formation, 692. 

Cyrtograptus-Grayi mudstones, 653. 

Cystidean Limestone of Dalecarlia, 
315. 


Dailly series, 662; generalized section 
of the, 659. 

Dalamford Glen, section in, 613. 

Dalecarlia, Cambrian and Silurian 
rocks of, 314. 

Dana, Prof. James D., on the geolo- 
gical age of the Taconic system, 
397. 

Dartford Heath, Cyrena-formation of, 
695. 

Davis, James W., Esq., on the fossil 
fish-remains from the Armagh lime- 
stone in the collection of the Earl 
of Enniskillen (abstract), Proc. 12. 

Dawson, Principal, on Prototaxites 
and Pachytheca discovered by Dr. 
Hicks in the Denbighshire grits of 
Corwen, N. Wales, 103. 

Deben valley, well-section in, 739. 

Denbighshire grits, Principal Dawson 
on Prototaxites and Pachytheca dis- 
covered by Dr. Hicks in the, of Cor- 
wen, N. Wales, 103. 

Dendrocrinus, 306. : 

Devonian and Silurian strata, relation 
of, in the Baltic Provinces of Rus- 
sia, 5ol. 

Devono-Silurian formation, Prof. E. 
Hull on a proposed, 200. 

Devonshire, Old Red Sandstone of, 
201; Devono-Silurian rocks of, 
203. 

Diastopora consimilis, 58. 

Dicellograptus-complanatus zone of 
Girvan, 599. 


Dictyonema-slate of the Russian Baltic. 


Provinces, 518. 

Dictyonema-zone of the Girvan dis- 
trict, 601. 

Didcot, section through, 128. 

Didymograptus-shales of Girvan, 554. 

Dieppe, gravel near, 704. 

Diganwy Hills, nodular felsite from 
the, 293. 

Dimlington, 684. 

Dimorpharza Fromenteli, 446. 

—— Lyecetti, 444. 

pedunculata, 445. 

, sp., 446. 


Dinosaur from the Hastings Sand, 
Prof. H. G. Seeley on a new, Theco- 
spondylus Horneri, 457. 

Dinosaurian coracoid, Prof. H. G. 
Seeley on a remarkable, from the 
Wealden of Brook, in the Isle of 
Wight, probably referable to Orni- 
thopsis, 367. 

Dinvin Hill, section through, 592. 

and Laggan Hill, Girvan rocks of. 
O77. 

Dionide beds of the Girvan district, 
601. 

Donacosmilia Wrighti, 416. 

Dow Hill, Girvan rocks of, 578, 592. 

Downes, Rev. W., on the zones of the 
Blackdown beds, and their correla- 
tion with those at Haldon, with a 
list of the fossils, 75. 

Drift, Prof. J. Prestwich on a pecu- 
liar bed of angular, on the Lower- 
Chalk high plain between Upton 
and Chilton, 127. 

Drift of Cromer, Mr. T. M. Reade on 
the chalk-masses or boulders in- 
cluded in the contorted, 222. 

Drift-knolls, probable origin of, 189. 

Driftless areas in North Wales, 191. 

Dritts, Mr. D. Mackintosh on high- 
level marine, in North Wales, with 
remarks on driftless areas, 184. 

Drumwuck, Trinucleus-mudstones of, 
617. 

beds, 621. 

Drumyork and Blair, section of the 
grey flags and shales at, 656. 

Dularg, Girvan rocks of, 561. 

Dulas, section through, 20. 

Duncan, Prof. P. M., on the genus 
Stoliczkaria, Dune., and its distinct- 
ness from Parkeria, Carpenter, 69. 

Dunwich Cliff, 737. 

Dupin, Girvan rocks of, 565. 


565. 

—— Mid Burn, section of the strata 
of, 566. 

—— West Burn, Girvan rocks of, 
566. 

Durham, Cyrena-formation in, 700. 

Dykes, basaltic, of Madeira, 277. 


Kast Ilsley, section from Culham to 
near, 128. 

East Wemyss, section of strata be- 
tween the river Leven and, 253. 

Easton-Bavent, cliffs of, 736. 

Echinodermata of the Blackdown 
beds, 86. 

Echinospheerite limestone of the Baltic 
Provinces of Russia, 521. 


Linn, section of the strata of, 
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Encrinite, Lansdown, 29. 

Encrinuride of the Silurian rocks of 
the Baltic Provinces, 532. 

SG Devono-Silurian rocks of, 


, Mr. 8. V. Wood on the Newer 
Pliocene Period in, 667. 

Eocene, Col. H. H. Godwin-Austen on 
a fossil species of Camptoceras, a 
freshwater mollusk from the, of 
Sheerness-on-Sea, 218. 

and Oligocene strata in the 
Hampshire Basin, Prof. J. W. Judd 
on the relations of the, 461. 

Eozoic rocks, Dr. Sterry Hunt on the 
Pre-Cambrian or, of Europe and 
North America, Proc. 4. 

Epismilia, sp., 416. 

Erratic blocks from Criffel, Eskdale, 
Shap, and Arenig, 686. 

Eskdale, erratic blocks from, 686. 

Essex, East, Cyrena-formation in, 
697. 

Estland, section through, 531. 

Etheridge, R., Esq. (President), Ad- 
dress on handing the Wollaston Gold 
Medal to H. Bauerman, Esq., for 
transmission to Dr. Franz Ritter 
von Hauer, Proc. 36; Address on 
presenting the Murchison Medal to 
Prof. J. Gosselet, 37; Address on 
presenting the Lyell Medal to Prof. 
J. W. Judd for transmission to Dr. 
John Lycett, 38; Address on hand- 
ing the balance of the Wollaston 
Donation Fund to Dr. G. J. Hinde, 
39; Address on presenting the 
balance of the Murchison Donation 
Fund to Prof. IT. G. Bonney for 
transmission to Prof. T. Rupert 
Jones, 41; Address on presenting 
one moiety of the balance of the 
Lyell Donation Fund to Prof. 
Charles Lapworth, 43; Address on 
presenting the second moiety of the 
Lyell Donation Fund to the Rev. 
Norman Glass, 44; Address on pre- 
senting a portion of the proceeds of 
the Barlow-Jameson Fund to Baron 
Constantin von Ettingshausen, 45 ; 
Anniversary Address, February 17, 
1882. Obituary Notices of Deceased 
Fellows :—Sir P. de M. Grey-Eger- 
ton, Bart., 46; Prof. James Ten- 
nant, 48; Prof. Achille Delesse, 49 ; 
Sir Antonio Brady, 50; Mr. Charles 
Moore, 51; Major Thomas Austin, 
52; Mr. Henry Maclauchlan, 53 ; 
Mr. Samuel Sharp, 53; Mr. Robert 
Mallet, 54; M. Ami Boué, 56; Mr. 
Edward William Binney, 58; Ad- 
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dress on the Analysis and Distribu- 
tion of the British Jurassic Fossils, 


59. 

Ettingshausen, Baron Constantin von, 
Award of the Barlow-Jameson Fund 
to, Proc. 45. 

Europe, Dr. Sterry Hunt on the Pre- 
Cambrian or Eozoic rocks of, and 
North America, Proc. 4. 

, Devono-Silurian rocks of, 203. 


Farden and Quarrel Hill, barren flag- 
stones of, 615. 

Felsites, nodular, Prof. T. G. Bonney 
on some, in the Bala group of North 
Wales, 289. 

Fenestella prisca, 62. 


Ferriby, gravel overlying Hessle Clay 


at, 730. ' 

Fifeshire Coal-measures, Messrs, Bin- 
ney and Kirkby on the Upper Beds 
of the, 245. 

Finland, section from, to Sweden, 
531. 

Fisherton, gravel at, 688. 

Fish-remains, Mr. J. W. Davis on the 
fossil, from the Armagh limestone, 
in the collection of the Earl of Ennis- 
killen (Abstract), Proc. 12. 

Flora of the Bournemouth beds, 12. 

Foreland, Isle of Wight, buried cliff 
at, 704, 720, 728. 

Fossiliferous limestone of Madeira, 
278; clays and tuffs of Madeira, 
279. 

exposures north of the Girvan 
valley. 580. 

Frithog, driftless area of, 192. 


Gador, Sierra de, M. J. Gonzalo y 
Xavier on the discovery of Triassic 
fossils in the, Proc. 242. 

Gainsborough, rhetic beds of, 451. 

Gardner, J. S., Esq., description and 
correlation of the Bournemouthbeds. 
Part II. Lower or Freshwater series, 
ili 


, on the geology of Madeira, 277. 
Gasteropoda of the Blackdown beds, 
89 


Gatten Lodge, Pre-Cambrian rocks of, 
12,125, 

Gaytonthorpe, section at, 722. 

Gedgrave, Cyrena-formation at, 697. 

Geological Congress, Prof. T. M‘K. 
Hughes on the Proceedings of the 
International, at Bologna, Proc. 2. 

, W. Topley, Esq., on the 
Proceedings of the International, at 
Bologna, Proc. 6. 

Girvan succession, Prof. C. Lapworth 
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onthe. Part I. Stratigraphy, 537 ; 
section of basal zones of the, 576; 
summary of the stratigraphy of the, 
659 ; vertical section of the strata 
of the, 660. 

Girvan valley, fossiliferous exposures 
north of the, 580. 

‘Glacial period, Mr. T. F. Jamieson, 
on the cause of the depression and 
re-eleyation of the laud during the 
(abstract), Proc. 246. 

Glaciation, minor, 712. 

Glass, Rev. Norman, award of one 
moiety of the Lyell Donation Fund 
to, Proc. 44. 

Glauconite limestone. of the Russian 
Baltic Provinces, 519. 

sand of the Russian Baltic Pro- 
vinees, 519. 

Glauconome disticha, 63. 

Glauconome,Silurian species of, Messrs. 
Shrubsole and Vine on the, and a 
suggested classification of the Palzo- 
zoic Polyzoa (abstract), Proc. 245. 

Glenrochie and Thunderton, calcare- 
ous beds of, 583. 

Glenshalloch and Craighead, northern 
inlier of, 614. 

, graptolitic shales of, 627. 

Wood and Baldrennan Burn, 
section in, 627. 

Glenwells Burn, section of strata of, 
625. 

Gloucester and Cheltenham, Mr. R. 
F. Tomes on the Madreporaria of 
the Inferior Oolite of the neigh- 
bourhood of, 409. 

Godwin- Austen, Col. H. H., ona fossil 
species of Camptoceras, a freshwater 
mollusk, from the Eocene of Sheer- 
ness-on-Sea, 218. 

Gomshall and Leatherhead, chalk- 
down between, 689. 

Goniocora concinna, 432. 

Gonzalo y Xavier, M. Joaquin, on 
the discovery of Triassic fossils in 
the Sierra de Gador, Province of 
Almeria, Spain, Proc, 242. 

Gosselet, Prof. Jules, award of the 
Murchison Medal to, Proc. 37. 

Gothland, Cambrian and Silurian 
rocks of, 319; section through, 
531. 

Granites, Mr. J. Arthur Phillips on 
certains inclusions in, 216. 

Graptolitic flagstone series of Ard- 
millan and Penwhapple, 584; of 
Ardmillan Shore, 593. 

flagstones in Penwhapple Glen, 

603; south of the Girvan valley, 

609. 


Graptolitic shales of Glenshalloch, 
627. 

—— —— and grits of Penwhapple 
Glen, 630. 

Gravel-beds of Aberdeenshire, Mr. T. 
F. Jamieson on the, containing crag- 
shells, 145. 

Grays, Cyrena-formation at, 693, 694, 
704 


Great ‘Durley Chine, section through, 
4. 
Great Ouse, 669, 693. 


Hadyard Hill, section through, 618. 

Hagbourne, section through, 128. 

Haldon, Rev. W. Downes on the zones 
of the Blackdown beds and their 
correlation with those at, 75. 

, comparison of Blackdown with, 


——- and Blackdown, comparative 
general sections at, 84. 

Halkin Mountain, 683. 

Hampshire Basin, Prof. J. W. Judd 
on the relations of the Eocene and 
Oligocene strata in the, 461. 

gravels of, 687, 688, 709. 

Hastings Sand, Prof. H. G. Seeley on 
Thecospondylus Horneri, a new Di- 
nosaur from the, 457. 

Hauer, Dr. Franz Ritter von, award 
of the Wollaston Medal to, Proc. 
36. 

Hawklaw Head, section from, to New 
Clochtow, 151. 

Headon Hill and Colwell Bay, cor- 
relation of the strata of, 478. 

Hereford, Old Red Sandstone of, 201 ; 
Devono-Silurian rocks of, 204. 

Hertfordshire, gravels of, 678. 

Hessle Clay, 712; mode of formation 
of, 713. 

Hessle, Cyrena-formation at, 699. 

Hiberno-Cambrian type of Lower 
Cambrian beds, 212. 

Hicks, Dr. H., additional notes on the 
land-plants from the Pen-y-glog 
slate-quarry near Corwen, North 
Wales, 97. 

Highlands, Northern, Dr. ©. Calla- 
way on the Torridon sandstone in 
relation to the Ordovician rocks of 
the, 114. 

Hinde, Dr. G. J., award of the Wol- 
laston Donation Fund to, Proce. 39. 

Hippopotamus, existence of, in inter- 
glacial periods, 738. 

Holderness, 685. 

Homocrinus, 299, 306. 

Hordwell Cliff, strata at, 474. 

Hornera ? crassa, 60, 
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Hornera delicatula, 61. 

Hornsea, gravel of, 730. 

Hoyle’s Mouth Cave, ground plan of, 
286. 

Hudleston, W. H., Esq., on some rock 
specimens from Costa Rica, 336. 
Hughes, Prof. T. M‘K., on the work 
done by the Swiss Palzontographi- 

eal Society, Proc. r. 

, on the Proceedings of the Inter- 

national Geological Congress at 

Bologna, Proc. 2. 

, on the Geology of Anglesey, 
No. 2, 16. 

Hulke, J. W., Esq., on some Iguano- 
don-remains indicating a new 
species, J. Seelyi, 135. 

, on the os pubis and ischium of 
Ornithopsis eucamerotus, 372. 

Hull, Prof. E., on the two British 
types of the Lower Cambrian beds, 
and the conditions under which 
they were respectively deposited, 
210. 

, on a proposed Devono-Silurian 
formation, 200. 

Hundleby, section through, 715. 

Hunstanton, Cyrena-formation at, 698. 

Hunt, Dr. T. Sterry, on the Pre-Cam- 
brian or Eozoic rocks of Kurope and 
North America, Proc. 4. 

Hybocrinus, Baerocrinus, and Hybocys- 
tites, Mr. P. Herbert Carpenter on 
the relations of, 298. 

Hybocrinus dipentas, 298, 301. 

tumidus, 298, 301. 

Hybocystites, Mr. P. Herbert Carpen - 
ter on the relations of Hybocrinus, 
Baerocrinus, and, 298. 

Hybocystites problematicus, 307. 


Ice-movement, Mr. T. F.' Jamieson on 
the red clay of the Aberdeenshire 
coast, and the direction of the, in 
that quarter, 160. 

Iguanodon-remains, Mr. J. W. Hulke 
on some, indicating a new species, 
I, Seelyi, 135. 

Iguanodon Seelyi, 135. 

Ilford, Cyrena-formation at, 704. 

Inclusions in Granites, Mr. J. Arthur 
Phillips on, 216. 

International Geological Congress, 
Prof. T. M‘K. Hughes on the Pro- 
ceedings of the, at Bologna, Proc. 
2; Mr. W. Topley on the Proceed- 
ings of the, at Bologna, Proc. 6. 

Tocrinus, 306. 

Ireland, Old Red Sandstone of, 201. 

, North, Devono-Silurian rocks of, 

206. 


Ireland, South, Devono-Silurian rocks 
of, 205. 

Isastraea depressa, 426. 

tenuistriata, 425. 

Isle of Wight, Prof. H. G. Seeley on 
a remarkable Dinosaurian Coracoid 
from the Wealden of Brook in the, 
probably referable to Ornithopsis, 
367. 

Itter beds, 523. 

Ivel, gravel in the valley of the, 675. 


Jamieson, Thomas F., Hsq., on the 
Crag-shells of Aberdeenshire and 
the gravel-beds containing them, 
145. 

, on the red clay of the Aberdeen- 

shire coast, and the direction of 

the ice-movement in that quarter, 

160. 

, on the cause of the depression 
and re-elevation of the land during 
the Glacial period (abstract), Proc. 
246. 

Japan, Prof. J. W. Judd on the ope- 
rations of the Seismological Society 
of, Proc. 9. 

Jewe zone, 523. 

Johnston-Lavis, H. J., Esq., note on 
the comparative specific gravities 
of molten and solidified Vesuvian 
lavas (abstract), Proc. 240. 

Jones, Prof. T, Rupert, Award of the 
Murchison Geological Fund _ to, 
Proc. 41. 

Jones, Ernest L., Esq., on the explo- 
ration of the caves in the neigh- 
bourhood of Tenby, 282. 

Jorden beds, 526. 

Judd, Prof. J. W., on the operations 
of the Seismological Society of 
Japan, Proc. 9g. 

, on the relations of the Hocene 
and Oligocene strata in the Hamp- 
shire Basin, 461. 

Jurassic Crinoids, Mr. P. H. Carpen- 
ter on some new or little-known, 
29. 


Kalmar in Sweden, ideal section of 
the Silurian formation between Wi- 
borg in Finland and, 531. 

Kargalinsk, Mr. W. H. Twelvetrees on 
organic remains trom the Upper 
Permian strata of, in Eastern Rus- 
sia, 490. 


per Permians of, 493. 

Steppe, section across, 491. 

Keeping, H., Esq., on some sections 
of Lincolnshire Neocomian, 239. 


, diagram vertical section of Up-_ 
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Kelsea Hill, Cyrena-gravel at, 699. 

ballast-pit, section of, 713. 

Kennedy’s Pass, Girvan rocks of, 578 ; 
plan of the faulted area of, 580. 

Kiltorcan beds, 201. 

Kilvington, rhextics at, 453. 

Kippet Hills, gravel-ridges of the, 

) 852: 

Kirkby, J. W., Esq., and H. W. Bin- 
ney, Esq., on the upper beds of the 
Fifeshire Coal-measures, 245. 

Kirkland Burn, section in, 559. 

Kirmington, Cyrena-formation at, 699. 

Knockgardner and Straiton, section of 
the Silurian beds of, 657. 

Knockgerran, section through, 604. 

Knolls Ridge, Precambrian of, 121, 
125. 

Kuckers shale, 522. 


Lady Burn, Girvan rocks of, 619. 

Laggan Gill, section at, 592. 

Hill and Dinvin, Girvan rocks 
of, S77. 

Lamellibranchiata of the Blackdown 
Beds, 86. 

‘ Lancashire, Upper Clay of, 701, 702, 
716; peat-beds in North, 702. 

Lansdown Encrinite, 29. 

Lapworth, Prof. Charles, award of 
one moiety of the Lyell Donation 
Fund to, Proc. 43. 

, on the Girvan Succession.— 
Part I. Stratigraphy, 537. 

Lark river, 669. 

Latimzandra Flemingi, 426. 

Haimei, 426. 

tabulata, 427. 

Laugharne, ground-plan of Coygan 
Cave near, 283. 

Lavas, Vesuvian, molten and solidified, 
Mr. H. J. Johnston-Lavis on the 
comparative specific gravities of, 
(abstract), Proc. 240. 

Lea valley, 677. 

, Oyrena-formation of the, 696, 
Til. 

Leatherhead and Gomshall, chalk- 
down between, 689. 

Leith Hill, 689. 

Lepralia bairnsdalei, 509. 

burlingtoniensis, 270. 

depressa, 509. 

edax, 270. 

foliacea, 269, 510. 

—— gippslandi, 509. 

spatulata, 269. 

Leptena Limestone of Dalecarlia, 
316. 

Letterpin and Pinmore, graptolitic 
flagstones of, 609. 


Q.J.G.8. No. 152. 


Letterpin, Little, 572. 

Leven, river, section of strata between 
East Wemyss and the, 253. 

Lias, Middle, of Oxfordshire, Mr. 
R. F. Tomes on a new species of 
Coral from the, 98. 

Limestones, compact, of Girvan, 555. 

Limestone, fossiliferous, of Madeira, 
278. 

Lincolnshire Neocomian, Mr. H. Keep- 
ing on some sections of, 239. 

pie Hall, pre-Cambrian rock from, 
125. 

Little Durley Chine, section through, 


Lane Toll, section of quarry be- 
tween Brockloch and, 569. 
Letterpin;, Girvan rocks of, 572. 
Ouse river, 669. 
Llanerchymedd, section through, 204. 
Llangollen vale, sketch map of the 
drift-zone between Minera and, 
185. 
Llysdulas, section from, to Penlon, 


Llyssenion, section through, 20. 

Loch Assynt, Torridon and Ordovician 
rocks of, 115. 

Broom, Torridon and Ordovi- 
cian rocks of, 114. 

Lower Oesel zone, 528. 

Silurian strata of the Baltic 
provinces, 518. 

Iunulites cancellatus, 275, 512. 

Lycett, Dr. John, award of the Lyell 
Medal to, Proc, 38. 

Lyckholm zone, 524. 

Lyd’s Hole, pre-Cambrian rocks from, 
124. 

Lyell Donation Fund, award of one 
moiety of, to Prof, Charles. Lap- 
worth, 43; award of the second 
moiety of, to Rev. Norman Glass, 


44. 
Medal, award of the, to Dr. John 
Lycett, 38. 


Macclesfield, 683, 675. 

Mackintosh, D., Esq., on additional 
discoveries of high-level marine 
drifts in North Wales, with remarks 
on driftless areas, 184. 

Madeira, Mr. J. 8S. Gardner on the 
geology of, 277. 

Madreporaria, Mr. R. F. Tomes on 
the, of the Inferior Oolite of the 
neighbourhood of Cheltenham and 
Gloucester, 409. 

Mammalia, list of, from two caves near 
Tenby, 287. 

Map of the western Archean axis of 
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Shropshire, 120; of the localities of 
the shelly gravel of Aberdeenshire, 
146; of the Aberdeenshire coast, 
showing the distribution of the Red 
Clay, 161; of the drift-zone between 
Minera and Llangollen vale, 185; 
showing approximate boundaries of 
the two British Cambrian basins and 
of the intervening Archean ridge, 
211; of the peninsula of Punta 
Arenas, 329; of the Shalloch-Hill 
area, 571; of the faulted area of 
Kennedy’s Pass, 580; of exposure 
at Myoch Bay, 600. 
Marine drifts, Mr. D. Mackintosh on 
high-level, in North Wales, 184. 
Marr, J. E., Esq., on the Cambrian 
(Sedgw.) and Silurian rocks of Scan- 
dinavia, 313. 

Mavis Enderby, section through, 715. 

Meadsted cutting, 681, 688. 

Medway valley, gravels of the, 690. 

Membranipora appendiculata, 504. 

articulata, 264. 

confluens, 262. 

cylindriformis, 263. 

—— dentata, 263. 

— macrostoma, 504. 

—— ovalis, 262. 

—— perversa, 264. 

radicifera, 262, 513. 

tripunctata, 262. 

, 8p., 264. 

Menchecourt, Oyrena-formation at, 
706. 

Menipea innocua, 261. 

Mersey-Dock excavations, 731. 

Methil, calcareous beds and thin coals 
west of, 248. 

Micropora hippocrepis, 264. 

Microporella ciliata, 266. 

decorata, 508. 

—— ferrea, var. perforata, 267. 

—— introversa, 268. 

—— macropora, 267. 

yarraensis, 267. 

Microsolena porosa, 444. 

regularis, 444, 


—, sp., 444. 

Middle Chine, section through, 4. 

Mildenhall, brickearth at, 672. 

Millenderdale area, section of the 
lowest Girvan strata in, 576. 

Millericrinus Prattii, 29. 

Minera Mountain, 683, 675. 

, sketch-map of the drift-zone 
between, and Llangollen vale, 185. 

Minuntion, Girvan rocks of, 563. 

Moelfre-uchaf and Frithog, driftless 
area of, 192. 

Moel Tryfaen, 683. 


Moel Wnhion, boulders and drifts on, 
193: 

Monograptus-Sedgwickii 
of Girvan, 6338, 637, 644. 

Monoporella crassatina, 270. 

crassicaulis, 270. 

— hebetata, 271. 

— oblonga, 271. 

Montlivaltia concinna, 417. 

—— Morrisi, 418. 

painswicki, 419. 

porpita, 419. 

—— Smithi, 420. 

tenuilamellosa, 417. 

—— trochoides, 419. 

-—— Wrighti, 418. 

, sp., 420. 

Mountain Lodge, section of drifts 
near, 187. 

Mount Gambier, South Australia, Mr. 
A. W. Waters on fossil Chilosto- 
matous Bryozoa from, 257. 

Mucronella coccinea, 266. 

duplicata, 266. 

— mucronata, 266, 507. 

nitida, 507. 

—- porosa, 573. 

—, sp., 265. 

Mulloch Hill, section through the 
Ardmillan and Newlands beds of, 
618 ; conglomerate and shelly sand- 
stones of, 621. 

Murchison Medal, award of the, to 
Prof. J. Gosselet, Proc. 37 

Murchison Geological Fund, award of 
the, to Prof. T. R. Jones, Proc. 41. 

Mynyddmawr, sections through, 20, 
21 


mudstones 


Myoch Bay, Girvan rocks of, 599. 
, plan and section of exposure 
at, 600. 


Nar valley, Cyrena-formation of, 698. 
Nen river, 669, 693. 
Neocomian, Lincolnshire, Mr. H. 
Keeping on some sections of, 239. 
Neusticosaurus pusillus (Fraas), Prof. 
H. G. Seeley on, an amphibious 
reptile having affinities with the 
terrestrial Nothosauria and with the 
marine Plesiosauria, 350. 

, restoration of the pectoral arch 
of, 359. 

Neusticosaurus and Plesiosaurus, com- 
parison of fore limbs of, 362. 

, hind limbs of, 364. 

Newark, rhetics of, 453. 

New Clochtow, section from Hawk- 
law Head to, 151. 

Newlands, Pentamerus-grits and shales 
of, 625. 
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Newlands beds of Mulloch Hill, sec- 
tion through the, 618. 

rocks of Penwhapple Glen, 

section of the, 632. 

series, 629, 662; generalized 
section of, 650. 

Nigg, Bay of, section of mud cliff at, 
175. 

North America, Dr. Sterry Hunt on 
the pre-Cambrian or Eozoic rocks 
of Europe and, Proc. 4. 

North Sea, open, during major glacia- 
tion, 734. 

Northumberland, Cyrena-formation 
in, 700. 

North Wales, Mr. D. Mackintosh on 
high-level marine drifts in, with re- 
marks on driftless areas, 184, 

, driftless areas in, 191. 

, Prof. T.G. Bonney on some 
nodular felsites in the Bala group 
of, 289. 

Notochelys costata, 178. 

Nototherium Mitchelli, description of 
part of the femur of, by Prof. R. 
Owen, 394. 

Nottinghamshire, Mr. E. Wilson on 
the Rheties of, 451. 


Obolus-beds of Dalecarlia, 314. 

Oeland, section through, 531. 

Oesel, section through, 531. 

Oldham, 702. 

pana Sandstone, localities of the, 

1. 

Oligocene and Eocene strata in the 
Hampshire basin, Prof. J. W. Judd 
on the relations of the, 461. 

Oolite, Inferior, Mr. R. F. Tomes on 
the Madreporaria of the, of the 
neighbourhood of Cheltenham and 
Gloucester, 409. 

Ordovician rocks, Dr. C. Callaway on 
the Torridon Sandstone in relation 
to the, of the Northern Highlands, 
114. 

—— of the Russian Baltic provinces, 
518. 

Ornithopsis, Prof. H. G. Seeley on a 
remarkable Dinosaurian Coracoid 
from the Wealden of Brook in the 
Isle of Wight, probably referable 
to, 367. 

Ornithopsis eucamerotus, Mr. J. W. 
Hulke on the os pubis and ischium 
of, 372. 

Oroseris concentrica, 441. 

contorta, 441. 

—— gibbosa, 442. 

incrustans, 442. 

oolitica, 440. 


Orthis-confinis flags of Benan Burn, 
556. 

Orthoceras-limestone of Dalecarlia, 
314; of the Russian Baltic pro- 
vinees, 520, 

Ortonia conica, var. pseudo-punctata, 
383. 

serpuliformis, 884. 

Ostrogothia, Cambrian and Silurian 
rocks of, 317. 

Overton, Cyrena-gravel at, 698. 

Owen, Prof. R., on an extinct Chelo- 
nian reptile (Notochelys costata, 
Owen) from Australia, 178. 

, description of part of the femur 
of Nototherium Mitchelli, 394. 

Oxford, Cyrena-formation at, 694. 

Oxfordshire, Mr. R. F. Tomes, on a 
new species of Coral from the Mid- 
dle Lias of, 95. 


Pachytheca, Principal Dawson on 
Prototaxites and, discovered by Dr. 
Hicks in the Denbighshire Grits of 
Corwen, N. Wales, 103. 

Paghill Cliff, Cyrena-gravel at, 699. 

Palzontology of Anglesey, 25. 

Palzozoic Polyzoa, Messrs. Shrubsole 
and Vine on a suggested classifica- 
tion of the, Proc. 245. 

strata of Girvan and the southern 

uplands of Scotland, 538. 

rocks, Lower, physical relations 
of the, of the Girvan district, 551. 

Palinicellaria Skenei, 511. 

Pembrokeshire, ground-plan of Hoyle’s 
Mouth Cave, near Tenby, 286. 

Pencefn, section through, 20, 21. 

Penkill beds, geographical extension 
of the, 653. 

Castle, section at, 645. 

Penlon, section from, to Llysdulas, 20. 

Penrhynglas, section through, 18. 

Pentamerus-grits and shales of New- 
lands, 625. 

Pentamerus-esthonus zone, 527. 

Penwhapple and Ardmillan, Grapto- 
litic flagstone series of, 584. 

Burn, section through, 585. 

—— Glen, Graptolitic flagstones in, 
603; section of Ardmillan rocks 
of, 604; Girvan rocks of, 610; 
Graptolitic shales and grits of, 
630; section of the Newlands 
rocks of, 632; section of lower por- 
tion of, 645, 651; sections west of, 
647. 

grits and shales, 635. 

Pen-y-glog slate-quarry, Dr. H. Hicks 
on land-plants from the, near Cor- 
wen, North Wales, 97. 
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Permian Limestone, Mr. G. W. 
Shrubsole on the occurrence of a 
new species of Phyllopora in the, 
347. 


strata, Mr. W. H. Twelvetrees 
on organic remains from the Upper, 
of Kargalinsk, in Eastern Russia, 
490. 

Permians, Upper, of Kargalinsk, ver- 
tical section of, 493. 

Perthudden Bay, section at, 159. 

Petrology of Anglesey, 21. 

Phacopidzs of the Silurian rocks of 
the Baltic Provinces, 533. 

Phillips, J. Arthur, Esq., additional 
note on certain inclusions in 
granites, 216. 

, on the Red Sand of the Arabian 
Desert, 110. 

Phyllogyra Etheridgei, 4381. 

sinuosa, 481. 

Phyllopora, Mr, G. W. Shrubsole on 
the occurrence of a new species of, 
in the Permian Limestone, 347. 

Phyllopora multipora, 348. 

Phylloseris rugosa, 447. 

, sp., 448. 

Pickwell-Down Sandstone, 201. 

Pinmore and Letterpin, Graptolitic 
flagstones of, 609. 

Plants of the Blackdown beds, 85. 

, Land, Dr. H. Hicks on, from 
the Pen-y-glog slate-quarry near 
Corwen, North Wales, 97. 

Plas Cordana, section through, 20. 

Plas Landyfrydog, section through, 20. 

Plesiosaurus and Neusticosaurus, com- 
parison of the fore limbs of, 362; 
comparison of the hind limbs of, 
364. 

Pliocene Period, Mr. Searles V. Wood 
on the Newer, in England, 667. 

Polypora ? problematica, 62. 

Polyzoa, Mr. G. R. Vine on the, of 
the Wenlock shales, Wenlock lime- 
stone, and shales over Wenlock 
limestone, 44. 

—-— of the Blackdown beds, 86. 

, Paleeozoic, Messrs. Shrubsole 
and Vine on a suggested classifi- 
cation of the, Proc. 245. 

Pontesbury, Precambrian rocks from, 
124. 

Pontesford Hill, Precambrian rocks 
of, 120, 124. 

Pont Fadog, driftless areas near, 191. 

Poole Harbour and Boscombe, section 
of cliff between, showing position 
of plant-beds, &c., 4. 

Porella concinna, 271. 

Porina larvalis, 269. 


Porth Corwg, section along coast 
south of, 18. 

Porthlygan, section through, 18. 

Porthygwichiad, section through, 18. 

Portland, buried cliff at, 705, 720, 
725; section of, 721. 

Precambrian or LEozoic rocks of 
Europe and North America, Dr. 
Sterry Hunt on the, Proc. 4. 

(Archean) rocks, Dr. C. Calla- 
way on the, of Shropshire, 119. 

Prestwich, Prof. J., on a peculiar bed 
of angular drift on the Lower-Chalk 
High Plain between Upton and 
Chilton, 127. 

Prototaxites and Pachytheca, Prin- 
cipal Dawson on, discovered*by Dr. 
Hicks in the Denbighshire Grits of 
Corwen, N. Wales, 103. 

Protovirgularia flags and grits, 652. 

Psammites du Condroz, 201. 

Psammosiphon amplexus, 391. 

elongatus, 390. 

Piilodictya interporosa, 67. 

lanceolata, 64. 

Lonsdalei, 64. 

scalpellum, 66. 

, 8p., 68. 

Punta Arenas, section of the penin- 
sula of, 328; plan of the peninsula 
of, 329. 


Pwllgoch, section from, to near Ty’n- 


maen, 20. 


Quarrel Hill, section of the barren 
flagstone-beds of, 615. 
, Trinucleus-mudstones of, 617. 
, sections through, 618. 
anticlinal, inner zones of, 615; 
outer zones of, 621. 


Raikiill beds, 526. 

Reade, T, Mellard, Esq., on the Chalk- 
masses or Boulders included in the 
Contorted Drift of Cromer, their 
origin and mode of transport, 222. 

Red sands of the Arabian desert, Mr. 
J. Arthur Phillips on the, 110. 

Refrigeration, causes of, in Newer 
Pliocene Period, 735. 

Reindeer gravel, level of, in England, 
728. 

period, 712. 

Retepora deserta, 512. 

Rhetics of Nottinghamshire, Mr. E. 
Wilson on the, 451. 

Richmond Park, gravel of, 677. 

Rio Grande, Costa Rica, section near, 
333; section from, to Rio Reven- 
fazo, doo. 
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Rio Reventazo, section from Rio 
Grande to, 333. 

Russia, Eastern, Mr. W. H. Twelve- 
trees on organic remains from the 
Upper Permian strata of Karga- 
linsk, in, 490. 

, Baltic Provinces of, the Silurian 

(and Cambrian) strata of the, as 

compared with those of Scandinavia 

and the British Isles, 514. 


Saltburn, Hessle Clay at, 714. 

Sangatte, buried cliff at, 704, 720. 

San José valley, section through, 333. 

Sandstone, transitional, of Girvan, 
Bae 

Sandstones, conglomeratic and shelly, 
of Mulloch Hill, 621. 

Saugh Hill, sections through, 604, 
632. . 
— —, section across the N.W. face of, 

635 


fault and the Camregan Lime- 

stone, Girvan strata between the, 

629. 

area of Girvan, 634. 

grits and shales, 644. 

Scandinavia, Mr. J. EH. Marr on the 
Cambrian (Sedgw.) and Silurian 
rocks of, 313. 

and the British Isles, the Silu- 
rian (and Cambrian) strata of the 
Baltic Provinces of Russia com- 
pared with those of, 514. 

Scania, Cambrian and Silurian rocks 
of, 318. 

Schizodendron tuberculatum, 496. 

Schizoporella acuminata, 274, 511. 

auriculata, 273, 511. 

bombycina, 274. 

— Cecilii, 272. 

conservata, 2738. 

cornuta, 273. 

—— filiformis, 274. 

marginopora, 274. 

—— phymatopora, 510. 

tenella, 273. — 

Schmidt, Prof. F., on the Silurian 
(and Cambrian) strata of the Baltic 
Provinces of Russia, as compared 
with those of Scandinavia and the 
British Isles, 514. 

Scotland, Old Red Sandstone of, 202 ; 
Devono -Silurian rocks of, 206 ; 
Paleozoic strata of Girvan and the 
Southern uplands of, 538. 

Section of cliffs between Poole Har- 
bour and Boscombe, showing posi- 
tion of plant-beds, &, 4; of 
Willow-bed east of Sugar-loaf 
Chine, 6; of clay and sand-beds, 


imbedded in loose sands presenting 
escarpments to the west, east of 
Sugar-loaf Chine, 7; along coast 
S. of Porth Corwg, 18; from Pen- 
lon to Llysdulas, 20; from Pwllgoch 
through Llanerchymedd to near 
Tynmaen, 20; from Mynyddmawr 
to Llanerchymedd and Pencefn, 21 ; 
comparative, at Haldon and Black- 
down, 84; from Upton to Chilton, 
128; from Culham to near East 
Isley, 128; at Chilton, 129, 130; 
from Hawklaw Head to New Cloch- 
tow, 151; at Cove Quarry, 164; of 
Mud Cliff at Bay of Nige, 175; 
from Mountain Lodge to the sum- 
mit of the Mountain-range, 187 ; of 
Northern Chalk Bluff, Trimming- 
ham, 225; between Cromer and 
Sherringham, 227, 228; of Con- 
torted Drift near Cromer, 228; of 
chalk-mass between Cromer and 
Sherringham, 231; of Claxby 
Ridge, 240; of railway-cutting E. 
of S. Willingham Station, 241; of 
Benniworth-Haven cutting, 243; 
of cutting at west end of With- 
call tunnel, 243; of the Peninsula 
of Punta Arenas, 328; showing the 
ancient lakes, now valleys, of Ala- 
juela, San José, and Cartago, 333 ; 
of the Rheetics of Nottinghamshire, 
452; at Stanton-on-the-W olds, 454; 
in Whitecliff Bay, Isle of Wight, 
465 ; of Upper Permians of Karga~ 
linsk, 493; of the Silurian forma- 
tion between Wiborg in Finland 
and Kalmar in Sweden, 531; in 
Kirkland Burn, 559; of the strata 
of Dupin Linn, 565; of the strata 
of Dupin Mid Burn, 566; at Brock- 
loch Quarry, 567; of Quarry N. 
East of Craigwells, 569; of Quarry 
between Brockloch and Little Lane 
Toll, 569; across the Shalloch-Hill 
area, 571 ; at Large Quarry, Aldons, 
573; of Basal zones of the Girvan 
succession, 577; of the lowest Gir- 
van strata in Millenderdale Burn, 
577; of Oraighead Quarry, 582; 
near Balclatchie Bridge, 585; at 
Laggan Gill, 592; of Ardmillan 
Shore, 595; of exposure at Myoch 
Bay, 600; of the Ardmillan rocks 
of Penwhapple Glen, 604; of the 
Dalamford inlier, 613; of the bar- 
ren flagstone beds of Quarrel Hill, 
615; through the Ardmillan and 
Newlands beds of Mulloch Hill 
618; of strata of Glenwells Burn, 
925; in Baldbrennan Burn and 
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Glenshalloch Wood, 627; of the 
Newlands rocks of Penwhapple 
Glen, 632; across the N.W. face of 
Saugh Hill, 635; of the rocks of 
Shalloch Forge, 638; of the strata 
at Woodland Point, 641; of lower 
portion of Penwhapple Glen, 645 ; 
of the grey flags and shales at 
Blair and Drumyork, 656; of the 
Silurian beds of Knockgardner and 
Straiton, 657 ; of the strata of the 
Girvan succession, 660; in Case- 
wick cutting, 670 ; through Bricken- 
den Green, Herts, 678; of the 
Newer Tertiary deposits of the 
Sussex levels, 708; of Kelsea- 
Hill ballast-pit, 713; across the 
mouth of Steeping Valley, 715; ex- 
posed by the Trowbridge Railway 
cutting, 719; of buried cliff at 
Brighton, 721; of buried cliff at 
Portland, 721; at Gaytonthorpe, 
122, 

Seeley, Prof. H. G., on Neusticosaurus 
pusillus (Fraas), an amphibious 
reptile, having affinities with the 
terrestrial Nothosauria and with 
the marine Plesiosauria, 350. 

, on a remarkable Dinosaurian 

Coracoid from the Wealden of 

Brook in the Isle of Wight, pre- 

served in the Woodwardian Museum 

of the University of Cambridge, pro- 

bably referable to Ornithopsis, 367. 

, on Thecospondylus Horneri, a 
new Dinosaur from the Hastings 
Sand, indicated by the sacrum 
and neural canal of the sacral re- 
gion, 457. 

Seismological Society of Japan, Prof. 
J. W. Judd on the operations of 
the, Proc. 9. 

Selsea, mud-deposit at, 706, 723; 
section at, 708. 

Severn and Thames systems, parting 
between, 679. 

, main valley of the, 680. 

Shalloch or Barren Flagstones, 607. 

Shalloch-Hill area, plan and section 
of, 571. 

exposures of Girvan rocks, 570. 

Shalloch Mill, barren flagstones of, 
601. 

Shalloch and Woodland, coast-area 
of, 637. 

Forge, sections of the rocks of, 
638. 

Shap, erratic blocks from, 686. 

granite, inclusions in, 217. 

Sheerness-on-Sea, Col. H. H. Godwin- 
Austen on a fossil species of Camp- 
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toceras, a freshwater mollusk from 
the Hocene of, 218. 

Sherringham, sections between Cromer 
and, 227, 228, 231. 

and Cromer, chalk-mass between, 
231. 

Shropshire, vertical range of genera 
and species found in the Wenlock 
shales of, 47. 

, Dr. C. Callaway on the pre- 

Cambrian (Archean) rocks of, 

119, 

rocks, Prof. T. G. Bonney on 
some specimens of, 124. 

Shrubsole, G. W., Esq., and G. R. 
Vine, Esq., on the Silurian species 
of Glauconome, and a suggested 
classification of the Palseozoic Poly- 
zoa, Proc. 245. 

, Thamniscus : Permian, Carboni- 

ferous, and Silurian, 341. 

, on the occurrence of a new 
species of Phyllopora in the Permian 
limestone, 347. 

Sili Bay, South Wales, buried cliff at, 
705, 720, 725. 

Silurian species of Glauconome, Messrs. 
Shrubsole and Vine on the, and a 
suggested classification of the Palzo- 
zoic Polyzoa, Proc. 245. 

rocks, Mr. J. E. Marr on the, 

of Scandinavia, 313. 

(and Cambrian) strata, Prof. F. 

Schmidt on the, of the Baltic pro- 

vinces of Russia, as compared with 

those of Scandinavia and the British 

Isles, 514. 

and Devonian strata, relation of, 

in the Baltic provinces of Russia, 

531. 


beds of Knockgardner and 
Straiton, section of the, 657. 

Slains, coast-sections near, 151, 157. 

gravel, 153. 

Slough, Cyrena-formation at, 696. 

Smittia anceps, 510. 

bincisa, 272, 518. 

seriata, 272. 

Tatet, 271. 

trispinosa, 272. 

Soil, surface, sliding of, caused by 
frost and thaw, 718. 

Somme valley, Cyrena-formation in, 
706, 725. 

South Australia, Mr. A. W. Waters 
on fossil Chilostomatous Bryozoa 
from Mount Gambier, 257. 

Southend, Cyrena-formation at, 696. 

Southwold Cliff, 737. 

Spiropora intermedia, 57. 

regularis, 55. 
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Spirorbis arkonensis, 384. 

Sponges of the Blackdown beds, 85. 

Stanton on the Wolds, rheties at, 454. 

Steeping valley, section across the 
mouth of, 715. 


Steganoporella magnilabris, 265, 506. 


patula, 265. 

perforata, 505. 

— Rozieri, 505. 

Step Chine, section through, 4. 

Stinchar, description of sections of 
the valley of the, 552. 

Stinchar or Barr Series, 603. 

Stoke Newington, Cyrena-formation 
at, 696. 

Stoliczkaria, Dunc., Prof. P. M. Dun- 
can on the genus, and its distinct- 
ness from Parkeria, Carpenter, 69. 

granulata, 71. 

Stomatopora dissimilis, 50. 

-, var. a, elongata, 50. 

, var. 6, compressa, 51. 

Stonehaven, direction of iceflow to the 
south of, 170. 

Straiton and Bargany, flagstones and 
shales of, 650. 

, Knockgardner and, section of 
the Silurian beds of, 657. 

Strath Auchall, Torridon and Ordo- 
vician rocks of, 114, 

Kennort, Torridon rocks between 
Ullapool and, 115. 

tutton, Cyrena-formation at, 697. 

Submergence of Aberdeenshire, 168, 
171, 178. 

Sugar-loaf Chine, section through, 4; 
sections east of, 6, 7. 

Surface-soil, sliding of, caused by frost 
and thaw, 718. 

Sussex levels, diagram section of 
newer Tertiary deposits of the, 708. 

Sweden, section from, to Finland, 
531. 

Swiss Paleontographical Society, Prof. 
T. M‘K. Hughes on the work of 
the, Proc. 1. 

Synastreea, 435, 436. 


Taconic System, Prof. James D. Dana 
on the geological age of the, 397. 

Tees valley, Hessle Clay in the, 714. 

Tenby, Mr. E. L. Jones on the explo- 
ration of two caves in the neigh- 
bourhood of, 282. 

Tentaculites anglicus, 387. 

multiannulatus, 389. 

ornatus, 387. 

— tenuis?, var. attenuatus, 388. 

wenlockianus, 389. 

Thames and Severn systems, parting 
between, 679. 


Thames valley, volume of water in 
the, during Cyrena-formation, 702. 

, gravels of the, 676. 

—— ——,, Cyrena-formation in the, 
692, 709. 

Thamnastrea crickleyensis, 435. 

Duncani, 436. 

flabelliformis, 438. 

—— Lyelli, 487. 

— Manseli, 4386. 

Terquemi, 439. 

—— Walcoti, 439. 

—— Walfordi, 99. 

Wrightit, 437. 

Thamnisecus crassus, 344. 

dubius, 343. 

Thecoseris polymorpha. 433. 

Thecosmilia ramosa, 422. 

Wrighti, 422. 

Thecospondylus Horneri, Prof. H. G. 
Seeley on, a new Dinosaur from the 
Hastings Sand, 457. 

Thunderton and Glenrochie, calea- 
reous beds of, 583. 

Tillingbourne valley, 689. 

Tomes, Robert F., Hsq., description of 
a new species of Coral from the 
Middle Lias of Oxfordshire, 95. 

, on the Madreporaria of the In- 
ferior Oolite of the neighbourhood 
of Cheltenham and Gloucester, 409. 

Topley, W., Esq., on the Proceedings 
of the International Geological 
Congress at Bologna, Proc. 6. 

Torridon Sandstone, Dr. C. Callaway 
on the, in relation to the Ordovician 
rocks of the Northern Highlands, 
114. 


, age of the, 116. 

Tramitchell quarries, Girvan rocks of, 
575. 

Trees, coexistence of, with land-ice, 
732. 

Trent system, gravels of the, 681. 

Trilobites of the Baltic provinces of 
Russia, table of, 533. 

Trimmingham, section of the northern 
Chalk Bluff, 225. 

Trinucleus-mudstones of Drummuck, 
617. 

Trinucleus-shales of Dalecarlia, 315. 

Trowbridge Railway cutting, section 
exposed by the, 719. 

Trowier Hill, Girvan rocks of, 578. 

Trwyndu, section through, 18. 

Tuffs, fossiliferous, of Madeira, 279. 

Tuddenham, section at, 740. 

Twelvetrees, W. H., Esq., on organic 
remains from the Upper Permian 
strata of Kargalinsk, in Eastern 
Russia, 490. 
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Ty-Cerrig, driftless area of, 192, 
Ty’nmaen, section from near, to Pwll- 
goch, 20. 


Ullapool, Torridon rocks between 
Strath Kennort and, 115. * 

Unapool, Torridon and Ordovician 
rocks of, 116. 

Ungulite-grit of the Russian Baltic 
provinces, 517. 

Unio castor, 499. 

umbonatus, 499. 

Upcot flags, 201. 

Upper Graptolitic shales of Dalecar- 
ha, 315. 

Upper Oesel zone, 529. 

Upper Permian of Kargalinsk, 490. 

Upper Silurian of the Baltic provinces 
of Russia, 525. 

Upton, Prof. J. Prestwich on a pecu- 
har bed of angular Drift on the 
Lower-Chalk high plain between, 
and Chilton, 127. 

, section through, 128; section 
from Chilton to, 128. 

Urals, section from the Volga to the, 
491, 


Vegetation, arboreal, coexistence of, 
with land-ice, 732. 

Vesuvian lavas, Mr. H. J. Johnston- 
Layis on the comparative specific 
grayities of molten and solidified, 
Proc. 240. 

Vine, G. R., Esq., on the Polyzoa of 
the Wenlock Shales, Wenlock Lime- 
stone, and Shales over Wenlock 
Limestone ; from material supplied 
by G. Maw, Esq., 44. 

, on the Annelida Tubicola of the 

Wenlock Shales, from the washings 

of Mr. George Maw, 377. 

, and G. W. Shrubsole, Esq., on 
the Silurian species of Glauwconome, 
and a suggested classification of the 
Palseozoic Polyzoa, Proc. 245. 

Volga, section from the, to the Urals, 


Walchia biarmica, 497. 

piniformis, 498. 

Wales, North-central, driftless area 
of, 193. 

— , South, Old Red Sandstone of, 
201; Devono-Silurian rocks of, 
204. 

Wash, rivers flowing into the, 669, 
670, 693. 

Waterbeach sand and shingle, 724. 

Waters, Arthur W., Esq., on fossil Chi- 


lostomatous Bryozoa from Mount 
Gambier, South Australia, 257. 

Waters, Arthur W., Esq., on Chilo- 
stomatous Bryozoa from Bairnsdale 
(Gippsland), 502. 

Watering Chine, section through, 4. 

Weald, gravels of the, 689. 

Wealden, Prof. H. G. Seeley on a re- 
markable Dinosaurian Coracoid 
from the, of Brook in the Isle of 
Wight, probably referable to Orni- 
thopsis, 367. 

Welland river, 669, 670, 693. 

Wenlock Shales, Mr. G. R. Vine on 
the Polvzoa of the, &e., 44. 

, Mr. G. R. Vine on the 

Annelida Tubicola of the, 377. 

of Shropshire, vertical 
range of genera and species of 
fossils found in the, 47. 

Wesenberg zone, 520. 

West Drayton, Gyrenaciieenette at, 
696. 

Westrogothia, Cambrian and Silurian 
rocks of, 317. 

Whitecliff Bay, geological age of beds 
at, 464; section in, 465. 

Whitehouse beds of Girvan, 597, 603, 
606, 612, 621. 

Wiborg in Finland and Kalmar in 
Sweden, ideal section of the Silurian 
formation between, 531. 

Wickham Lane, Cyrena-brickearth in, 
710. 

Willingham station, diagram of rail- 
way-cutting east of, 241. 

Willow-bed, section of, east of Sugar- 
loaf Chine, 6. 

Wilson, E., Hsq., on the Rhetics of 
N ottinghamshire, 451. 

Wimbledon Common, gravel of, 677. 

Withcall Tunnel, sketch of cutting at 
west end of, 245. 

Wollaston Donation Fund, award of 
the, to Dr. G. J. Hinde, 39. 

Medal, award of the, to Dr. 
Franz Ritter von Hauer, 36. 

Wood, Searles V., Esq., on the Newer 
Pliocene Period in England, 667. 

Woodland beds, 644. 

Point, section of the strata at, 
641. 

—— and Shalloch, coast-area of, 637. 


y Foel, section through, 20. 

York, vale of, 683. 

Yorkshire, Cyrena-formation in, 700; 
clays of the coast of, 685. 

Yrefail newydd, section through, 20. 

Yr ogor hedyn, section through, 18. 


Printed by TayLor and FrRAncis, Red Lion Court, Fleet Street. 


Pee Bur © ~~ we a 


PROCEEDINGS 


OF THE 


GEOLOGICAL SOCIETY OF LONDON. 


SESSION 1881-82. 


November 2, 1881. 
Roperr Erueriper, Esq., F.R.S., President, in the Chair. 


Richard Paley Gardner, Esq., Dytchleys, Southweald, near Brent- 
wood, Essex; Henry Neville Hutchinson, Esq., B.A., 14 Canynge 
Road, Clifton, Bristol; Henry Johnson, Esq., Dudley ; William 
Regester, Esq., F.C.S., Lawn Lodge, Isleworth, Middlesex; and 
George Tate, Esq., Ph.D., College of Chemistry, Liverpool, were 
elected Fellows of the Society. 


The List of Donations to the Library was read. 


A specimen of Neuropteris heterophylla, from the New Winning 
Sydney Mines, Cape Breton, Nova Scotia, was presented to the 
Museum by C. B. Brown, Esq., F.G.S. 


Prof. Hueuns called the attention of the Society to the work 
being done by the Swiss Paleontographical Society. He pointed 
out that, the Swiss being a small nation and their scientific men 
proportionately few in number, it was a very spirited thing of them 
to keep up the regular publication of a series of exhaustive treatises 
on the plan of our own Paleeontographical Memoirs. ‘Those en- 
gaged in paleontological work knew well the value of these publi- 
cations, and could appreciate the labour and care necessary to keep 
going such a large undertaking. He felt sure that much more 
support could, and would, be offered to our Swiss fellow labourers 
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and our good friend Renevier if the English public could be made 
aware of the important work they were doing. He therefore in- 
vited the cooperation of the members of the Society in the matter. 


The PresrpEnt announced that at the next Meeting of the Society 
Prof. Hughes would state what were the general results achieved 
by the International Geological Congress held this year at Bologna. 


The following communications were read :— 


1. “On the Genus Stoliczkaria, Dunc., and its Distinctness from 
Parkeria, Carp. and Brady.” By Prof. P. Martin Duncan, M.B. 
Lond., F.R.S., F.G.S., Pres. R.M.S. 


2. “On the Elasticity- and Strength-constants of Japanese 
Rocks.” By Thomas Gray, Esq., B.Sc., F.R.S.E., and John Milne, 
Esq., F.G.S8. 


3.‘ The Glacial Deposits of West Cumberland.” By J. D. 
Kendall, Esq., C.E., F.G.S.* 


Specimens and microscopic sections of the genus Stoliczkaria &e., 
were exhibited by Prof. P. M. Duncan, F.R.S., in illustration of his 
paper. 


November 16, 1881. 


Robert Erneripes, Esq., F.R.S., President, in the Chair. 


The List of Donations to the Library was read. 


Prof. Hues said that he proposed to issue to the Committee of 
organization for Great Britain a full Report of the proceedings of 
the Bologna Congress ; but in anticipation of that, he begged to offer 
to the Geological Society a brief statement of the results. 

It would be within the recollectien of the Fellows of the Society 
that, at the Geological Congress of Paris in 1878, two principal 
subjects were proposed for discussion at the Bologna Congress, and 
each was referred to an International Commission named by the 
Congress :— 

1. The Unification of Geological Nomenclature. 

2. Geological Cartography. 

On the 2nd April, 1880, the International Commission for the 
Unification of Geological Nomenclature was convened at Paris by 
the President of the Paris Congress and the President: elect of the 


* This paper has been withdrawn by permission of the Council. 
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Bologna Congress; and the Commissioners present at that meeting, 
having regard to the impossibility of drawing up any thing like a 
complete report upon so vast a subject before the meeting of the 
Congress, and feeling that there would be much advantage gained 
by settling the meaning of the terms commonly used to designate 
the larger and smaller divisions of the materials which make up 
the crust of the earth, and the portions of time to which they are 
assigned, recommended that, first of all, those questions of a general 
character should be considered, such as the definition of epoch, 
period, formation, rock, &c. &c. A réswmé of the reports of the 
different nationalities was drawn up by the General Secretary, 
M. Dewalque, and presented to the Congress, and the discussion was 
taken upon it. America and England were regarded as one from 
the very first, a happy result of the friendly feeling that exists on 
all points between the two nations, and at Bologna cordially upheld 
by their distinguished guest of that evening, Dr. Sterry Hunt. 

The conclusions arrived at were briefly—that the term Group 
should be applied to the largest geological division of rocks, System 
to the next, Series to the third in order of magnitude, Stage to the 
fourth, and the French word “‘ Assise” was placed in the fifth place, it 
being left to other nationalities to use whatever word in their own 
tongue seemed most conveniently to represent this smallest defined 
term. The Time-words were, in descending order of magnitude, 
Era, Period, Epoch, Age—Era corresponding to Group, Period to 
System, Epoch to Series, Age to Stage. It was pointed out that 
the German and English use of the word formation for a set of 
deposits which it was desired to group together under one head, 
e. g. Carboniferous formation, could not be adopted by the French, 
with whom this word always had reference to the origin of 
the mass, and was considered an abbreviation of the “ mode of 
formation.” This had been already fully recognized by the English 
Committee, in the minutes of one of the meetings of which 
the following resolution appears:—‘‘ The term Formation haying 
been used by Continental geologists to denote the action by 
which a thing is formed, and its mode of formation, and its use in 
the sense accepted in England being given up in America, the Com- 
mittee recommend that the term be employed as rarely as possible in 
the English sense, and that such words as group, rock, bed, &c. be 
substituted for it.” It was poimted out by the German geologists 
that there were many nations who could not adopt “ terrain ;” and 
therefore this word also was excluded from the more strictly defined 
terms. MM. Beyrich and Von Moller explained that the word 
series could not be conveniently introduced into German or Russian ; 
and it was therefore agreed that the words section and Abtheilung 
should be admitted as synonyms of series. It will be observed 
that there is a consistency in the group of words adopted in English, 
they are all what may be called synthetic ; the analytic words, such 
as division, subdivision, section, &c., remain undefined. 

Prof. Hughes regretted they were not able to transpose the words 
Group and Series, as it certainly would be more convenient to use 
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series for the larger, and group for the smaller division ; but it was 
not a matter of great importance. 

In the course of the discussion, various speakers pointed out, by way 
of illustration, what they would include under these different heads ; 
and it was clear that there was very much to be done before any 
equivalent value could be attached to the subdivisions of different 
ages, or of the same general age, in widely separated areas. 

The English Committee had commenced work upon this question, 
and he had laid before the Congress the Reports of the Subcom- 
mittees which had furnished him with the results of their inquiries, 
as well as some special Reports forwarded to him by individuals. 
The Congress did not, however, pass on to the discussion of these 
matters ; but the manner in which the English Committee were 
organizing their work met with the approval of the Congress, and 
a vote was passed that the other countries should adopt a similar 
plan, and form subcommittees for the investigation of the several 
groups. He was further unofficially requested to get the Reports 
printed as soon as possible, in order to facilitate discussion, and with 
a view to arriving at an understanding upon the simpler questions 
before the next Meeting of the Congress. This was appointed to be 
held at Berlin in 1884. The following Congress will be held in 
England. 


Dr. T. Srerry Hounr gave some account of the pre-Cambrian or 
Kozoic rocks of Europe as compared with those of North America. He 
had on several occasions studied the former, both on the continent 
and in the British Isles, especially with Dr. Hicks in Wales in 1878. 
In North America the recognized base is a highly granitoid gneiss, 
without observed limestones, which he has called the Ottawa gneiss, 
overlain, probably unconformably, by the Grenville series of Logan, 
consisting chiefly of granitoid gneisses, with crystalline limestones 
and quartzites. ‘These two divisions made up the Laurentian of 
Canada, and correspond respectively to the Lewisian and the Dime- 
tian of Hicks. Resting in discordance on the Laurentian we find 
areas of the Norian or Labrador series (Upper Laurentian of Logan), 
chiefly made up of anortholite rocks, granitoid or gneissoid in tex- 
ture, with some true gneisses. The Huronian is seen to rest uncon- 
formably on the Laurentian, fragments of which abound in the 
Huronian conglomerates. To the lower portion of the Huronian 
the speaker had formerly referred a great series of petrosilex or 
hilleflinta rocks, described as inchoate gneisses, passing into petro- 
silex-porphyries, occasionally interstratified with quartzites,. This 
series, in many places wanting both in Europe and America, he is 
now satisfied forms an underlying unconformable group—the Aryo- 
nian of Hicks. Above the Huronian is the great Montalban series, 
consisting of grey tender gneisses aud quartzose-schists, both 
abounding in muscovite, occasionally with hornblendic rocks. The 
Pebidian of Hicks includes both the Huronian and the Montalban ; 
to which latter belong, according to the speaker, certain gneisses 
and mica-schists both in Scotland and in Ireland, as he had many 


PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 5 


years since pointed out. In some parts of North America he found 
the Montalban resting unconformably on Laurentian. Above the 
Montalban comes the Taconian (Lower Taconic of Emmons), a 
series of quartzites and soft micaceous schists, with dolomites and 
marbles. All these various series are older than the Lower 
Cambrian (Menevian) strata of North America; and it may be 
added that the Keweenian or great copper-bearing series of Lake 
Superior there occupies a position between the Montalban and the 
Cambrian. 

In the Alps the speaker recognizes the Laurentian, Huronian, and 
Montalban, all of which he has lately seen in the Biellese, at the 
foot of Mount Viso, in Piedmont. The Huronian is the great piectre 
verdi group of the Italians; and much of what has been called 
altered Trias in this region is, in his opinion, probably Taconian. 
The Montalban forms the southern slope of Mont St. Gothard, and 
is the muscovite gneiss and mica-schist of the Saxon Erzgebirge. 
Here Dr. Credner and his assistants of the Geological Survey have 
described abundant conglomerates holding pebbles of Laurentian 
rocks imbedded in the Upper or Montalban gneiss. The pre- 
Cambrian age of this has been shown by Credner, who has proved 
by careful survey that the so-called younger or Paleozoic gneisses of 
Naumann are really but a continuous part of the older series. Late 
surveys also show that the crystalline rocks of the Taunus are 
really Kozoic and not, as formerly maintained, Devonian in age. 

The speaker insisted upon the fact that where newer strata are 
in unconformable contact with older ones, the effect of lateral move- 
ments of compression, involving the two series, is generally to cause 
the newer and more yielding strata to dip towards and even beneath 
the edges of the older rock, a result due to folds, often with inver- 
sion, sometimes passing into faults. This phenomenon throws much 
light on the supposed recency of many crystalline schists. 


The following communications were read :-— 


1. “ Additional Evidence on the Land-Plants from the Pen-y-glog 
Slate-quarry, near Corwen.” By Henry Hicks, Esq., M.D., F.G.S. 


2. Notes on Prototawites and Pachytheca from the Denbighshire 
Grits of Corwen, North Wales.” By Principal Dawson, LL.D., 
BRS Ea: 


The following specimens were exhibited :— 


Land-plants from the Pen-y-glog Slate-quarry, near Corwen, 
exhibited by Dr. Hicks in illustration of his paper. 

A specimen of Prototawites from Bay de Chaleurs, and specimens 
of Pachytheca from Rumney, exhibited by W. Carruthers, Esq., 
HBS Pas. 

Two sections of Pachytheca, exhibited by W. T. Thiselton Dyer, 
Esq., F.R.S. 
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A specimen of Lithiophilite from Branchville, Conn., U.S.A., exhi- 
bited by H. Bauerman, Esq., F.G.S. 

Pebbles of ancient gneiss from a conglomerate in the gneiss and 
mica-schist formation of the Erzgebirge, and a specimen of the so- 
called Hopteris Moriere?, Saporta, from the slates of Angers, exhibited 
by Dr. T. Sterry Hunt, F.R.S. 

Welsh pre-Cambrian rock-specimens, exhibited by Prof. T. M°K, 
Hughes, M.A., F.G.S. 


December 7, 1881. 
Rosert EtrHerier, Ksq., F.R.S., President, in the Chair. 


William Amhurst Tyssen Amherst, Esq., M.P., F.S.A., Didlington 
Hall, Norfolk, and 88 Brook Street, W.; Robert Edward Cresswell, 
Esq., Assoc. Mem. Inst. C.E., Uttoxeter Road, Derby ; W. R. Eaton 
Hodgkinson, Esq., Normal School of Science, South Kensington, 
S.W.; Simon D. Macdonald, Esq., 264 Gottingen Street, Halifax, 
Nova Scotia; Rev. Edward Cook Pritchard, Bourne House, Brook 
Street, Peterborough ; Rev. Alexander Simpson, B.Sc., B.A., Torry, 
Aberdeen ; Prof. William Waagen, Ph.D., Mariengasse 23, Prag, ii.; 
Frederick John Webb, Esq., 22 St. James Place, Plymouth; and 
Charles Henry Wilson, Esq., M.A., Rugby, Morgan County, Ten- 
nessee, U.S., were elected Fellows of the Society. 


The Secretary announced that the original drawings of fossil 
fishes, made from specimens in the collection of the Earl of Ennis- 
killen and bequeathed to the Society by the late Sir Philip Egerton, 
had been received. 


The List of Donations to the Library was read. 


Mr. W. Torrey made the following further statement respecting 
the International Geological Congress at Bologna :— 

Prof. Hughes’s communication to this Society, at its last Meeting, 
referred to the work done at the Congress upon Geological Nomen- 
clature. The present communication refers to the second subject 
debated by the Congress, the Unification of Colours, Signs, &c. 
employed on Geological Maps. 

At the Congress held at Paris in 1878 certain geologists in each 
country were appointed Presidents of Committees, to be thereafter 
nominated by them. Sir Andrew Ramsay is the President of the 
British Committee. Last year a Committee was nominated of 
fifteen members, several Meetings of which were held in London. 
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The final Report was drawn up at York, and was submitted to the 
Congress at Bologna. This Report has been printed in the ‘ Geolo- 
gical Magazine’ (Dec. ii. vol. viii. p. 557, 1881). A brief account 
of the Committee’s work was read before Section C, and is printed 
in abstract in the British Association Report. © 

The object of the Congress in discussing this question is to secure, 
if possible, a greater uniformity than heretofore in the geological 
maps of various countries ; and to this end it has recommended the 
adoption of a scheme of colours and signs, which it is hoped may be 
used, with but little modification, by all nations. There is no in- 
tention of even recommending the adoption of this scheme by Sur- 
veys now in progress, maps of which have been partly published on 
any other system. But for general maps, which may hereafter be 
published, it may well be used, and perhaps also for some national 
surveys. The Italian Survey is about to publish its maps, and hopes 
to adopt the scheme recommended by the Congress. The Indian 
Survey, being about to issue a connected series of maps, would like 
to do the same. The United-States Geological Survey is also now 
engaged in the consideration of this question. 

The recommendations finally adopted, as regards colour, were as 
follows :— 


Groups or Systems. Colours. 

Crystalline rocks of Pre-Cambrian age.. Bright rose-carmine. . 
Crystalline rocks of unknown age...... Pale rose-carmine. 

iauaei (Question reserved for 
Ey ee ee Capa Sosa Ss chee { Map Committee.) 
ESE De Mid a sad Ly whvies «'aittw gl | VlOleb. 
Baas oe west? els evil dedade. ours Dark blue. 
Hs wih 3 ha Syd ould. He aad < «eon Blue 
DREnAROOU Mca alee wielaretele ws . ~ oases ayoie Green. 
eS riety ie vt Salas Saale War's lie, oc «: eR Ra . Yellow. 
Eruptive rocks ........-+e.02--.... (Question reserved.) 


The subdivisions of groups or systems should be shown by various 
shades of the colour adopted, the darker shades denoting the older 
beds. Coloured lines or “reserves” of white can also be employed 
when the map is printed in colours. 

The letter denoting the group or system should be. the initial 
Roman capital of its name, most of these names being now in 
almost universal use. The letter of the smaller divisions (series, 
stages, and beds) should be the small initial letter of the name. 
Still smaller subdivisions should be marked by figures, the lowest 
being denoted by 1. 


Examples :— 
SUIS POSH“ SR oR ie ee S. 
TREC si EE ees te eee i OF Sl. 


Peli NAD YUE MIMALONG aa sect i 9.in 10% Bs el dg u,8 sl, 
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The Eruptive Rocks should be marked with the Greek capital 
letter of the name. 

The Congress resolved to prepare and publish a geological map of 
Kurope, correlating, as far as possible, the work of the various 
national surveys and that of independent observers. The dis- 
cussion of the details of this question was referred to a Commission, 
consisting of the President, Vice-Presidents, and a few other 
‘members of the Congress. 

Of this Commission Prof. Daubrée was President and Prof. 
Dewalque Secretary; the latter has printed a report of its pro- 
ceedings (Liége, 1881, pp. 16). 

The Commission recommended that the map should be published 
at; Berlin, on the scale of 1: 1,500,000 (about 25 miles to one inch). 
This map will require 50 sheets, and will be so arranged that any 
number of the sheets can be mounted together to show any required 
area. The complete map will be about 12 feet by 10 feet. Much 
discussion took place as to the constitution of the Committee which 
should be intrusted with the work. The Commission finally recom- 
mended that representatives of five countries would suffice. In 
voting upon which those countries should be, Great Britain received 
the votes of all, France coming next, Germany third, Russia fourth. 
A second ballot being taken for the fifth country, Austro-Hungary 
was chosen. 

The cost of preparing the map at Berlin is estimated at about 
£2500. The various governments of Europe will be asked to con- 
tribute to this—the eight larger countries in equal proportions, 
about £280 each, the ninth part being divided amongst some of the 
smaller States. 

These recommendations were adopted by the Congress, with some 
modification as regards the number of the Committee, which now 
stands thus :— 


Austro-Hungary ...... Dr. E. von Mojsisovics. 
Peano: ei Ses eae Prof. Daubrée. 
pf Dr. E. Beyrich (Director) and W. 


Germany ei sss strss | Hauchecorne (Assistant Director). 
Great: Britain iy)4).1) a W. Topley. 
Palys... el) eGaeoedanic: 

Poussia wi) Ca entn balers Prof. von Moller. 

Switzerland ie sie Prof. Renevier (Secretary). 


Each member of the Committee is to supply a map of the country 
allotted to him on the required scale, and ready for engraving at 
Berlin, where the topographical map is already in preparation. 

In the cases of countries not directly represented on the Com- 
mittee, arrangements will subsequently be made for obtaining the 
required information. But some such arrangements were then 
agreed to, and Austria will supply the geology of Turkey. Parts of 
Africa and Asia come within the map. Of these, France will supply 
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the information for Algeria. Up to the present time the best geo- 
logical account of Palestine is that published by Lartet ; and France 
would therefore naturally take charge of this country. But, as the 
English Palestine-Exploration Society has just published a map of 
the country, on the 1-inch scale, and probably possesses a consider- 
able amount of geological information in the reports and note-books 
of its surveying officers, it was arranged that the representative of 
Great Britain should take charge of it. 


The “language ” of the map will be French; but translations of — 


legends, explanations, indexes, &c. will be given in the language of 
the country to which they refer. All names of places will be 
written as is usual in the country. to which they belong. 

Several questions were reserved for the consideration of the Map 
Committee, as, for example, the colouring of the Paleozoic rocks, 
and the meridian to be used for the map. As regards this last, it 
was understood that for a general map of Europe the meridian must 
be either Greenwich or Ferro. 

Many questions respecting classification, nomenclature, &c. will 
arise during the progress of the work. For the discussing of these, 
a second Committee was elected to cooperate, when necessary, with 
the Map Committee ; the Members were chosen for the most part 
from the Vice-Presidents. Prof. Hughes is the member for Eng- 
land, 

The next meeting of the Congress is fixed for 1884, at Berlin, by 
which date it is hoped the Map will be ready for publication. 
Preliminary meetings of the Committees are fixed for 1882 at Foix 
(at the country meeting of the Geological Society of France), and, 
for 1883, in Switzerland. 


Prof. Jupp, at the request of Professor John Milne, F.G.S., of the 
Imperial Engineering College of Tokio, Japan, called the attention of 
the members of the Society to the important work now being carried on 
by the Seismological Society of Japan. The objects at which this Society 
chiefly aimed were:—(1) the preparation from ancient Japanese 
records of a reliable Earthquake-Catalogue ; (2) the testing of vari- 
ous instruments devised for seismographical inquiries ; (3) the care- 
ful observation, at as many points as possible, of the elements of the 
earthquake-moyements ; (4) the measurement of the amount of ele- 
vation and depression of areas during earthquake-shocks. Already, 
by the labours of this Society, seismographs had been supplied to 
many of the telegraphic stations in Japan, and valuable results had 
been obtained. The Seismological Society of Japan was founded 
before that of Switzerland. Geologists could become members of 
the Seismological Society of Japan (which stands greatly in need of 
help) by an annual payment of £1, which will entitle them to 
receive the whole of the publications of the Society. Prof. Judd 
was prepared to receive the names of members on behalf of Prof, 
Milne. 
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The following communications were read :— 


1. “The Zones of the Blackdown Beds and their Correlation with 
those at Haldon, with a List of the Fossils.” By the Rev. W. 
Downes, B.A., F.G.S. 


2. “On some new or little-known Jurassic Crinoids.” By P. 
Herbert Carpenter, Esq., M.A. Communicated by Prof. P. Martin 
Duncan, M.B.Lond., F.R.S., F.G.S. 


3. ‘ Notes on the Polyzoa of the Wenlock Shales, Wenlock Lime- 
stone and Shales over the Wenlock Limestone. From material 
supplied by G. Maw, Esq., F.LS., F.G.8.” By G. R. Vine, Esq. 
Communicated by Dr. H. C. Sorby, F.R.S., V.P.G.S. 


The following specimens were exhibited :— 


Greensand Corals, from Haldon, exhibited by A. Champernowne, 
Ksq., F.G.S. 

A series of Specimens, exhibited by the Rev. W. Downes in 
illustration of his paper. 


December 21, 1881. 


Rozsert Errerimer, Hsq., F.R.S., President, in the Chair. 


Charles Duffin Barstow, Esq., Garrow Hill, York; and Joseph 
Lundy, Esq., Marlborough House, Slough, Bucks, and St. Mark’s 
Road, Windsor, were elected Fellows, and Professor EK. D. Cope, of 
Philadelphia, a Foreign Correspondent of the Society. 


The List cf Donations to the Library was read. 


The following communications were read :— 


1. “‘The Torridon Sandstone in relation to the Ordovician Rocks 
of the Northern Highlands.” By C. Callaway, Hsq., M.A., D.Sc., 


2, «The Pre-Cambrian (Archean) Rocks of Shropshire.” Part II. 
By C. Callaway, Esq., D.Sc., F.G.S. 


3. “The Red Sands of the Arabian Desert.” By J. A. Phillips, 
Esq., F.R.S., F.G.S. 


4, “ Analyses of five rocks from the Charnwood Forest district.” » 


By E. E. Berry, Esq. Communicated, with Notes, by Prof, T, G, 
Bonney, F.R.S., Sec.G.8. 
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The following specimens were exhibited :— 


A specimen of Opal from Bullo River, Queensland, exhibited by 
Prof. T. G. Bonney, F.R.S., Sec.G.8. 

Rock-sections and specimens, exhibited by Dr. Callaway, in illus- 
tration of his paper on the Pre-Cambrians of Shropshire. 

Specimens of sand from the Arabian Desert and from the Millet- 
seed Sandstone of Lancashire and Cheshire, exhibited by J. Arthur 
Phillips, Esq., F.R.S., in illustration of his paper. 


January 11, 1882. 
Rosert Erxermer, Esq., F.R.S., President, in the Chair. 


W. J. Clunies Ross, Esq., B.Se. Lond., 4 Trinity Terrace, Bow ; 
_Joseph William Brown, Esq., C.E., 40 Frederick Road, Aston, 
Birmingham ; William Hunter, Hsq., 8 Queen Anne’s Gate, West- 
minster, 8.W., and Briton Ferry House, Briton Ferry, South Wales ; 
Henry Tomlison, Esq., M.Inst.C.E., The Woodlands, Cambridge ; 
and Charles Otto Trechmann, Esq., Ph.D., Town Wall, Hartlepool, 
were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. ‘On the Chalk-masses or Boulders included in the Contorted 
Drift of Cromer, their Origin and Mode of Transport.” By T. 
Mellard Reade, Esq., F.G.S. 


2. “Observations on the two Types of Cambrian Beds of the 
British Isles (the Caledonian and Hiberno-Cambrian), and the 
Conditions under which they were respectively deposited.” By 
Prof. Edward Hull, LL.D., F.R.S., F.G.S. 


3. “The Devono-Silurian Formation.” By Prof. E. Hull, LL.D., 
F.RB.S., F.G.S8. 


January 25, 1882. 


Rosert Eruerrives, Esq., F.R.S., President, in the Chair. 


John Blaikie, Esq., Bridge House, Newcastle, Staffordshire ; 
M. Ernest Jobling, Esq., South Tawton, Devonshire ; and the Rey, 
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Stanley A. Pelly, B.A., Thorncliffe, Saltford, near Bristol, were 
elected Fellows of the Society. 


The List of Donations to the Library was read. 


The following communications were read :— 


1, “On the Fossil Fish-remains from the Armagh Limestone in 
the Collection of the Earl of Enniskillen.” By James W. Davis, 
Esq., F.G.S., F.L.S. 


[ Abstract *. ] 


The author described in this paper a large collection of fossil fish- 
remains preserved at Florence Court, Enniskillen, but soon to 
be removed to the new Natural History Museum in the Cromwell 
Road. The collection comprises, besides specimens collected by the 
Karl of Enniskillen from the Carboniferons Limestone of Armagh, a 
large series acquired from the famous collection of the late Captain 
Jones, M.P. Several genera and species were described by Prof. 
Agassiz in his ‘ Recherches sur les Poissons Fossiles’ (1833-483), 
and again referred to by General J. EK. Portlock, F.R.S., in his 
‘Report of the Geology of Londonderry and parts of Tyrone and 
Fermanagh’ (1843), 

In 1854 Prof. M‘Coy described many new genera and species in 
his work on the ‘British Paleozoic Rocks and Fossils,’ principally 
derived from a study of the portion of Capt. Jones’s collection 
deposited in the Cambridge Museum. Prof. Agassiz paid a visit to 
Florence Court in 1858, and appended names to some of the fossil 
teeth in Lord Enniskillen’s cabinets, intending to describe and figure 
the new forms, and to. revise the whole of his former work. His 
death prevented this intention from being carried into effect. As 
far as possible the determinations of Prof. Agassiz have been adhered 
to in the present paper. 

The detached and isolated condition in which the remains are 
found renders any appreciation of. the relationship of the teeth and 
spines, or even of the teeth only, to each other extremely uncertain 
and difficult. Some speculations as to the probable organization and 
characteristics of the Carboniferous fishes which they represent, 
evolved during a long consideration of the specimens, have therefore 
been postponed to a future opportunity. 

The following is a list of the genera and species described in the 
paper :— 


Ctenacanthus plicatilis, C. dubius, C. levis, C. pustulatus, C. tubercu- 
latus, Compsacanthus carinatus, Cosmacanthus marginatus, C.carinatus, 
Lispacanthus retrogradus, Cladacanthus paradoxus, C. major, Gna- 
thacanthus triangularis, Cladodus polyodon, C. curvus, C. destructor, 
Carcharopsis Colei, Copodus cornutus, C. furcatus, C. spatulatus, 


* This paper has been withdrawn by the Author for publication elsewhere. 
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CO. mummus, Lobodus prototypus, L. planus, Mesogomphus lingua, 
Pleuragomphus auriculatus, Rhymodus transversus, R. oblongus, Cha- 
racodus angulatus, C. lunatus, Pinacodus gonoplax, P. gelasit, Dimy- 
leus Woodi, Mylax batoides, Mylacodus quadratus, M. Sesarma, 
Homalodus trapeziformus, H. quadratus, Petalodus quadratus, P. re- 
curvus, P. mequilateralis, Polyrlizodus magnus, P. Cole, P. elongatus, 
P. sinuosus, P. attenuatus, P. constrictus, Chomatodus linearis, C. 
acutus, Glossodus marginatus, Harpacodus dentatus, H. clavatus, 
Streblodus oblongus, S. Cole’, S. Egerton, Deltodus sublevis,.D. ev- 
pansus, D. nobilis, Deltoptychius acutus, D. gibberulus, Sandalodus 
Morrisir, Psephodus magnus, Pecilodus Jonesw, P. gibbosus, Tomodus 
convexus, Xystrodus striatus, X. angustus, X. LEgertoni, Helodus 
crassus, H. tenuis, H. clavatus, H. dilatatus, H. acutus, H. rich- 
mondensis, H. triangularis, H. biconus, H. expansus, Rhamphodus 
dispar, Petalorhynchus psittacunus, Pristodus falcatus. 


Discussion. 


Prof. SrrLey suggested that in the fang-like portions of the teeth 
in Polyrhizodus we have indications of an analogy with the Rays, 
and that the teeth may have followed each other in series. He 
thought that many forms relegated to different genera and species 
might belong to the same palate. He spoke of a similar variety 
of form being exhibited in the teeth referred to Cochliodus. He 
referred to the difficulty of dealing with the remains which had 
been thought to be allied to the Diodon. 

The Prestpenv testified to the great labour undertaken by Mr. 
Davis in investigating the large collection of fossils brought together 
by the Karl of Enniskillen. Apart from the determination of the 
analogies of these forms, the naming and description of these charac- 
teristic fossils would be of great service to stratigraphical geologists. 

The Avrnor admitted that some of the forms described might 
belong to the same palate; but until actual evidence of this was 
produced, he maintained that they ought to be described and receive 
distinctive names. Many of the names had been attached to these 
fossils by Agassiz. He mentioned the discovery of Worthen that 
the teeth referred to the genera Cochlhiodus and Helodus occur asso- 
ciated in the same jaw inan American specimen. He thought many 
of the teeth were not palatal teeth, but were inserted in or on the 
rami of the jaws. 


2, “On an extinct Chelonian Reptile (Wotochelys costata, Owen) 
from Australia.” By Prof. Owen, C.B., F.R.S., F.G.S. 


3. “On the Upper Beds of the Fifeshire Coal-Measures.” By the 
late HK. W. Binney, Esq., F.R.S., F.G.8., and James W. Kirkby, Esq. 


Specimens were exhibited by Messrs. Davis and Kirkby in illus- - 
tration of their papers. 
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February 8, 1882. 
Ropert Erxerinen, Esq., F.R.S., President, in the Chair. 


Ridley Henderson, Esq., 9 Bush Lane, E.C.; William John, Esq., 
M.R.C.S., Court House, Haverfordwest; and James Robert Millar 
Robertson, Esq., M.D., Clydeside House, Renfrew, Renfrewshire, 
Scotland, were elected Fellows, and Prof. 8. Lovén, of Stockholm, 
a Foreign Member of the Society. 


The List of Donations to the Library was read. 
The following communications were read :— 


1. “ Description of some Iguanodon Remains discovered at Brook, 
Isle of Wight, indicating a New Species, Jguanodon Seely.” By 
J. W. Hulke, Esq., F.R.S. 


2. “On a peculiar Bed of Angular Drift on the high Lower- 
Chalk Plain between Didcot and Chilton.” By Prof. J. Prestwich, 
M.A., F.R.S., F.G.S. 


- Specimens were exhibited by J. W. Hulke, Esq., F.R.S., and 
Prof. J. Prestwich, F.R.S., in illustration of their papers. 
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ANNUAL GENERAL MEETING, 
February 17, 1882. 


Rozert Erueriper, Esq., F.R.S., President, in the Chair. 


Report or tHE Councrzt ror 1881. 


in presenting their Report for the year 1881, the Council of the 
Geological Society regret that they cannot announce to the Fellows 
a continuation of the apparent improvement in the state of the 
Society’s affairs which they had the gratification of indicating in 
their last year’s Report. ‘The cause of this is doubtless to be traced 
to the continued depression prevailing in all departments of business, 
leading to the election of a smaller number of new Fellows, and to 
non-payment of their subscriptions on the part of a larger number 
of Fellows than usual. 

The number of new Fellows elected during the year is 51, of 
whom 44 paid their fees before the end of the year, making, with 
9 previously elected Fellows who paid their fees in 1881, a total 
accession during the year of only 53 Fellows. Against ‘this we 
have to set the loss by death of 29 Fellows, and by resignation of 
7 Fellows, whilst 5 Fellows were removed from the list for non- 
payment of contributions, making a total loss of 41 Fellows, On 
the year, theréfore, there is an increase of 12 Fellows. But of 
the 29 Fellows deceased, 8 were compounders and 10 non-contri- 
buting Fellows, and thus the number of contributing Fellows is 
actually increased by 22, being now 791. 

The total number of Fellows and Foreign Members and Corre- 
spondents was 1432 at the end of the year 1880, and 1448 at the 


_ end of 1881. 


During the year 1881 intelligence was received of the death of 
2 Foreign Members. One of these vacancies in the list of Foreign 
Members was filled up during the year, and a second Foreign Mem- 
ber has been elected since the end of 1881. One Foreign Corre- 
spondent was also elected in the place of the one advanced to the 
higher rank, and there remains a single waopney in the list of 
Foreign Correspondents. 

The total Receipts on account of Income for the year 1881 were 
£2591 19s. 7d., being £87 9s. 11d. less than the estimated Income 
for the year. The total Expenditure, on the other hand, including 
the cost of producing the Catalogue of the Society’s Library, 
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amounted to £2863 19s. 3d., or £52 11s. 3d. more than the Esti- 
mate for the year. This makes the excess of Expenditure over 
real Income amount to £271 19s. 8d.; but in accordance with the 
resolution announced in the Report of the Council for 1879, a sale 
of Stock was effected to meet the expense of the Catalogue,— 
£249 12s. 10d. of Consols were sold, producing £250 11s. 6d., 
and thus the actual excess of Expenditure during the year is re- 
duced to £21 8s. 2d. 

Finding that there was some occasional demand for the Abstracts 
of the Proceedings issued after each Meeting of the Society, and 
that sets of the Abstracts, if furnished with a titlepage and index 
for each Session, might be available for exchange with Societies both 
at home and abroad whose publications are on too small a scale for 
exchange against the Quarterly Journal, the Council resolved that 
in future the Abstracts of Proceedings for each Session should bear 
a running pagination and be furnished with a titlepage and index, 
and that the remainder of the impressions at the close of the Session 
should be stitched in a wrapper for sale or exchange. ‘The price for 
each Session was fixed at three shillings to the Public, and two 
shillings to Fellows. 

In accordance with the announcement in the Council’s last Report, 
the Catalogue of the Library was issued immediately after the last 
Anniversary Meeting. Notwithstanding the usefulness of the volume 
and the low price at which it is issued to Fellows, the Council re- 
eret to say that the number of impressions sold to the present time 
is much smaller than was expected. 

The Council have to announce the completion of Vol. XX XVII. 
and the commencement of Vol. XX XVIII. of the Society’s Quarterly 
Journal. 

The Council have awarded the Wollaston Medal to Franz Ritter 
von Hauer, F.M.G.8., in recognition of his valuable labours in con- 
nexion with the Geology of Austro-Hungary, and especially for his 
services in long-continued Surveys of extensive areas and numerous 
descriptive Memoirs, and in the preparation of the Great Map of the 
Austrian Empire. 

The Murchison Medal, with the sum of Ten Guineas from the 
proceeds of the Fund, has been awarded to Professor Jules Gosselet, 
F.C.G.8., in recognition of his geological labours, extending over 
upwards of 25 years, in the north of France and in Belgium, 
particularly in relation to the Paleozoic Rocks of the Ardennes ; 
and his researches into the structure of the Franco-Belgian Coal- 
field, as explained in his various published Memoirs, especially his 
‘Esquisse Géologique du Nord de la France.’ 

The Lyell Medal, with a sum of Twenty-five Pounds from the 
proceeds of the Fund, has been awarded to Dr. John Lycett, in 
testimony of appreciation of the services rendered by him to geology 
by his investigations of the Jurassic Rocks, and his valuable pale- 
ontological works on the fossils of the Lower Oolites and on the 
British fossil Trigonie. 
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The balance of the proceeds of the Wollaston Donation Fund 
has been awarded to G. J. Hinde, Esq., Ph.D., F.G.S., in recog- 
nition of the value of his contributions to the Paleontology of the 
Sponges, and to assist him in his further researches upon the same 
subject. 

The balance of the proceeds of the Murchison Donation Fund has 
been awarded to Professor T. Rupert Jones, F.R.S., F.G.S., as a mark 
of appreciation of the value of his contributions to the Paleontology 
of the lower Invertebrates, and to assist him in his further investi- 
gations. 

The balance of the proceeds of the Lyell Donation Fund has been 
awarded in equal parts to the Rev. Norman Glass, in recoguition of 
his valuable investigations into the internal structure of the fossil 
Brachiopoda ; and to Prof. C. Lapworth, F.G.8., in appreciation of 
his important contributions to the stratigraphy of the Silurian rocks, 
and to the knowledge of the structure and affinities of the Grapto- 
lites, and to assist them in the further prosecution of their respective 
studies. 

Anda sum of Twenty-five Pounds from the proceeds of the Barlow- 
Jameson Fund has been awarded to Baron Constantine von Ettings- 
hausen, in recognition of the value of his contributions to British 
Fossil Botany, and to aid him in his further researches into the 
Plants of the Tertiary Period. 


Report oF THE LIBRARY AND Musrum ComMMITTER, 
Inbrary. 


Since the last Anniversary Meeting a great number of valuable 
additions have been made to the Library, both by donation and by 
purchase. 

As Donations the Library has received about 84 volumes of sepa- 
rately published works and Survey Reports, and about 417 Pam- 
phlets and separate impressions of Memoirs; also about 137 volumes 
and 140 detached parts of the publications of various Societies, and 
15 volumes of independent Periodicals presented chiefly by their 
respective Editors, besides 13 volumes of Newspapers of various 
kinds. This will constitute a total addition to the Society’s Library, 
by donation, of about 260 volumes and 417 pamphlets. 

A great number of Maps, Plans, and Sections have been added to 
the Society’s collections by presentation from various Geological 
Surveys, from the Ordnance Survey of Great Britain, and from the 
French Depot de la Marine. They amount altogether to 581 sheets, 
and include 347 sheets from the Ordnance Survey, 162 from the 
Geological Survey of Great Britain, and smaller numbers from the 
Geological Surveys of Sweden, Norway, Finland, Prussia, Saxony, 
Belgium, and New South Wales. 
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The Books and Maps just referred to have been received from 
138 personal Donors, the Editors or Publishers of 15 Periodicals, 
and 161 Societies, Surveys, or other Public Bodies, making in all 
314 Donors. 

By Purchase, on the recommendation of the Standing Library 
Committee, the Library has received the addition of 50 volumes of 
Books and of 63 parts (making about 12 volumes) of Periodicals, 
besides 39 parts of various works published serially. Fourteen 
Sheets of the Geological Survey Map of France, 12 sheets comple- 
ting Dr. Wolff’s Map of the Bohemian Coal-field, 7 sheets of a Map of 
the Coal-basin of Aix-la-Chapelle, and a Geological Map of Spain 
in one sheet have also been obtained by purchase. 

The cost of Books, Periodicals, and Maps during the year 1881 
was £64 7s. 3d., and of Binding £38 17s. 5d. The total expen- 
diture on account of the Library was thus £103 4s. 8d. 

The Books in the Society’s Library are generally in good con- 
dition ; and in 1881 a considerable number of books of which the 
binding had suffered by use were rebound or repaired. The 
Library continues to be much used by the Fellows. 


Museum. 


The Collections in the Museum remain in much the same con- 
dition as at the date of the last Report of the Committee, the 
Foreign Collections being all available for reference. 

The following Donations have been made to the Museum during 
the year 1881 :—The type specimens of the “ Tubulations sablon- 
neuses ” of the étage Bruxellien, described by H. J. Carter, Esq. ; 
specimens of Tertiary Brachiopoda from South Australia, and of 
Belemnites from Central Australia, presented by Prof. R. Tate, 
I'.G.8.; and a fine example of Newropteris heterophylla from Cape 
Breton, presented by C. Barrington Brown, Esq., F.G.S. 

The Society has also received, by bequest of the late Sir P. 
de Malpas Grey-Egerton, the series of Drawings of fossil fishes in 
his possession made from specimens in the Collection of the Earl of 
Enniskillen, F.R.S, 
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CoMPARATIVE STATEMENT OF THE NUMBER OF THE SOCIETY AT THE 
CLOSE OF THE YEARS 1880 anv 1881. 


Dec. 31, 1880. Dec. 31, 1881. 
Compounders............ 312 ae ae 311 
Contributing Fellows... .. 769 Pe a 791 
Non-contributing Fellows. . Se ere 3 6 fe 259 
1349 1361 
Honorary Members ...... St ey: 3 
Foreign Members ........ Aer Ss. dee 39 
Foreign Correspondents... . Ae. . ee 40 
1432 1443 


General Statement explanatory of the Alterations in the Number of 
Fellows, Honorary Members, Sc. at the close of the years 1880 and 


1881. 


Number of Compounders, Contributing and Non- 
contributing Fellows, December 31, 1880.... 

Add Fellows elected during former year and paid 
Ln LA i 0 eee : 


Deduct Compounders deceased .............. 
Contributing Fellows deceased ........ 
Non-contributing Fellows deceased .... 
Compounder resigned .............. 
Contributing Fellows resigned ........ 
Contributing Fellows removed ........ 


fool fo 


| ane oOor- © 


Members, and Foreign Correspondents, 83 
Deemer oh POCO. ss, . «eee eek oe 
Deduct Foreign Members deceased .. ..... 2 
Foreign Correspondent et 1 


Forcien: Member) 2. <<... 0: 


Number of Honorary Members, dens | 


Add Foreign Member elected ...... ees | 
Foreign Correspondent elected ...... 1 


1349 


1402 


1361 
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DeckasEeD FELLOWS. 


Compounders (8). 
E. R. Alston, Esq. J. A. Hankey, Esq. 
J. Ashwell, Esq. A. W. Morant, Esq. 
Sir A. Brady. S. Sharp, Esq. 
Sir P. de M. Grey-Egerton, Prof. J. Tennant. 
Bart. 
Resident and other Contributing Fellows (11). 
C. J. H. Allen, Esq. J. Haines, Esq. 
Dr. J. J. Bigsby. A. Hamilton, Esq. 
T. Checkley, Esq. R. Mallet, Esq. 
R. Clutterbuck, Esq. H. Merryweather, Esq. 
J. 8. Courtney, Esq. J. Taylor, Esq. 


Sir G. W. Denys, Bart. 


Non-contributing Fellows (10). 


Major T. Austin. Rev. W. C. Kendall. 
EK. W. Binney, Esq. Charles Moore, Esq. 
Rey. Dr. Cartmell. Joseph Parker, Esq. 
G. Dixon, Esq. Rev. W. Thornton. 

Rey. T. England. E. P. Wilkins, Esq. 


Foreign Members (2). 


Dr. Ami Boué. | Prof. A. Delesse. 
Fellows Resigned (7). 

R. H. Brunton, Esq. Rev. F. C. Lambert. 

Rev. J. R. Burton. A. Laugel, Esq. 

R. H. Daubeny, Esq. R. Taylor, Esq. 


W. E. Jennings, Esq. 


Fellows Removed (5). 
J. Entwisle, Esq. C. 8. Mann, Esq. 


R. Koma, Esq. Joseph Thompson, Esq. 


W.ity Le Feuvre, Esq. 


A ee abs eee: = 
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The following Personage was elected from the Inst of Foreign Cor- 
respondents to fill the vacancy in the Inst of Foreagn Members 
during the year 1881. 


Il Commendatore Quintino Sella of Rome. 


The following Personage was elected a Foreign Correspondent during 
the year 1881. 


Professor E, D. Cope of Philadelphia. 


The following Personages were elected Foreign Correspondents during 
the year 1880, but the announcement of thew names was «acci- 
dentally omitted. 


Professor Luigi Bellardi of Turin. 
Dr. Melchior Neumayr of Vienna. 


After the Reports had been read, it was resolved :— 

That they be received and entered on the Minutes of the Meeting, 
and that such parts of them as the Council shall think fit be printed 
and distributed among the Fellows. 


It was afterwards resolved :— 


That the thanks of the Society be given to R. Etheridge, Esq., 
retiring from the office of President. 


That the thanks of the Society be given to J. Evans, Esq., J. W. 


Hulke, Esq., and Dr. H. C. Sorby, retiring from the office of Vice- 


President. 


That the thanks of the Society be given to Dr. J. Gwyn Jeffreys, 
retiring from the office of Treasurer. 


That the thanks of the Society be given to the Rev. J. F. Blake, 
Lieut.-Colonel H. H. Godwin-Austen, W. H. Hudleston, Esq., J. A. 
Phillips, Esq., and Dr. H. C. Sorby, retiring from the Council. 


After the Balloting-glasses had been duly closed, and the Lists 
examined by the Scrutineers, the following gentlemen were declared 


to have been duly elected as the Officers and Council for the ensuing — 


year :— 
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OFFICERS. 


PRESIDENT. 
J. W. Hulke, Esq., F.R.S. 


VICE-PRESIDENTS. 


Prof. P. M. Duncan, M.B., F.R.S. 

J. Gwyn Jeffreys, LL.D., F.R.S. 

Prof. N. S. Maskelyne, M.A., M.P., F.R.S. 
Prof. J. Morris, M.A. 


SECRETARIES. 


Prof. T. G. Bonney, M.A., F.R.S. 
Prof. J. W. Judd, F.R.S. 


FOREIGN SECRETARY. 
Warington W. Smyth, Esq., M.A., F.R.S. 


TREASURER. 
Prof. T. Wiltshire, M.A., F.L.S. 


COUNCIL. 


H. Bauerman, Esq. Prof. N.S. Maskelyne, M.A., M.P., 
Prof. T. G. Bonney, M.A., F.R.S.|  F.R.S. 

W. Carruthers, Esq., F.R.S. Prof. J. Morris, M.A. 

Prof. P. M. Duncan, M.B., F.R.S. |S. R. Pattison, Esq. 

R. Etheridge, Esq., F.R.S. Prof. J. Prestwich, M.A., F.R.S. 
John Evans, J).C.L., LL.D.,F.R.S.| F. W. Rudler, Esq. 

J. Clarke Hawkshaw, Esq., M.A. | Prof. H. G. Seeley, F.R.S. 


Rey. Edwin Hill, M.A. Warington W. Smyth, Esq., M.A., 
G. J. Hinde, Ph.D. F.R.S. 
J. W. Hulke, Esq., F.R.S. W. Topley, Esq. 
J. Gwyn Jeffreys, LL.D., F.R.S. | Prof. T. Wiltshire, M.A., F.L.S. 
Prof. J. W. Judd, F.R.S. Henry Woodward, LL.D., F.R.S. 
Sir J. Lubbock, Bart., D.C.L., M.P., 

F.RB.S. 
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OF THE GEOLOGICAL SOCIETY OF LONDON, rw 1881, 


Date of 
Election. 


1827. 
1829. 
1844, 
1848. 
1850. 
1851. 
1853. 
1853. 
1854. 
1856. 
1857. 
1857. 
1857. 
1859. 
1859, 
1860. 
1862. 
1864. 
1866. 
1867. 
1870. 
1871. 
1871. 
1874. 
1874. 
1874. 
1874. 
1875, 
1875. 
1875. 
1876. 
1877. 
1877. 
1879. 
1879. 
1879. 
1879. 
1880. 
1880. 
1880. 
1881. 
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LIST OF 
THE FOREIGN MEMBERS 


Dr. H. von Dechen, Bonn. 

Dr. Ami Boué, Vienna. (Deceased.) 

William Burton Rogers, Esq., Boston, U. S. 
James Hall, Esq., Albany, State of New York. 
Professor Bernhard Studer, Berne. 

Professor James D. Dana, New Haven, Connecticut. 
Count Alexander von Keyserling, Raykiill, Russia. 
Professor L. G. de Koninck, Liége. 

M. Joachim Barrande, Prague. 

Professor Robert Bunsen, For. Mem. R.S., Hezdelberg. 
Professor H. R. Goeppert, Breslau. 

Professor H. B. Geinitz, Dresden. 

Dr. Hermann Abich, Vienna. 

Professor A. Delesse, Parts. (Deceased. ) 

Dr. Ferdinand Roemer, Breslau, 

Dr. H. Milne-Edwards, For. Mem. R.S., Pars. 
Professor Pierre Merian, Basle. 

M. Jules Desnoyers, Paris. 

Dr. Joseph Leidy, Philadelphia. 

Professor A. Daubrée, For. Mem. R.S., Paris. 
Professor Oswald Heer, Zurich. 

Dr. 8. Nilsson, Lund. 

Dr. Franz Ritter von Hauer, Vienna. 

Professor Alphonse Favre, Geneva. 

Professor E. Hébert, Paris, 

Professor Edouard Desor, Neuchdtel. 

Professor Albert Gaudry, Paris. 

Professor Fridolin Sandberger, Wiirzburg. 
Professor Theodor Kjerulf, Christiania. 

Professor F. August Quenstedt, Tiibingen. 
Professor E. Beyrich, Berlin. 

Dr. Carl Wilhelm Giimbel, Munich, 

Dr. Eduard Suess, Vienna. 

Dr. F. V. Hayden, Washington. 

Major-General N. von Kokscharow, St. Petersburg. 
M. Jules Marcou, Cambridge, U.S. 

Dr. J. J. S. Steenstrup, For. Mem. R.S., Copenhagen. 
Professor Gustave Dewalque, Lrége. 

Baron Adolf Erik Nordenskidld, Stockholm, 
Professor Ferdinand Zirkel, Leipzig. 

Il Commendatore Quintino Sella, Rome, 


ra 
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LIST OF 


THE FOREIGN CORRESPONDENTS 
OF THE GEOLOGICAL SOCIETY OF LONDON, rn 1881. 


Date of 
Election. 


1863. Dr. G. F. Jager, Stuttgart. 

1863, Professor Sven Lovén, Stockholm. 

1863. Count A. G. Marschall, Vienna. 

1863. Professor G. Meneghini, Pisa, 

1863. Professor Giuseppe Ponzi, Rome. 

1863. Dr. F. Senft, Evsenach. 

1864. Dr. Charles Martins, Montpellier. 

1866. Professor J. P. Lesley, Philadelphia. 

1866. Professor Victor Raulin, Bordeaug. 

1866. Baron Achille de Zigno, Padua. 

1870. Professor Joseph Szabo, Pesth. 

1870. Professor Otto Torell, Lund. 

1871. M. Henri Coquand, Marseilles. 

1871, Professor Giovanni Capellini, Bologna. 
1872. Herr Dionys Stur, Vienna. 

1872. Professor J. D. Whitney, Cambridge, U.S. 
1874, Professor Igino Cocchi, Florence. 

1874. M. Gustave H. Cotteau, Auverre. 

1874. Professor G. Seguenza, Messina. 

1874. Dr. J. 8S. Newberry, New York. 

1874. Dr. T. C. Winkler, Haarlem. 

1875. Professor Gustav Tschermak, Vienna. 
1876. Professor Jules Gosselet, Lzile. 

1876. Professor Ludwig Riitimeyer, Basle. 

1877. Professor George J. Brush, New Haven. 
1877. Professor A. L. O. Des Cloizeaux, For.Mem. R.8., Paris. 
1877. Professor E. Renevier, Lausanne, 

1877. Count Gaston de Saporta, Aza-en-Provence. — 
1879. Professor Pierre J. van Beneden, For.Mem.R.S., Louvain. 
1879. M. Edouard Dupont, Brussels. 

1879. Professor Guglielmo Guiscardi, Naples. 
1879. Professor Franz Ritter von Kobell, Munich. 
1879. Professor Gerhard vom Rath, Bonn. 

1879. Dr. Emile Sauvage, Paris. 

1880. Professor Luigi Bellardi, Turin. 

1880. Dr. Ferdinand von Hochstetter, Vienna. 
1880. Professor Leo Lesquereux, Columbus. 

1880. Dr. Melchior Neumayr, Vienna. 

1880. M. Alphonse Renard, Brussels. 

1881. Professor E. D. Cope, Philadelphia. 
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AWARDS OF THE WOLLASTON MEDAL 


UNDER THE CONDITIONS OF THE ‘‘ DONATION FUND” 


ESTABLISHED BY 


WILLIAM HYDE WOLLASTON, M.D., F.R.S., F.G.S8., &o. 


“To promote researches concerning the mineral structure of the earth, 
and to enable the Council of the Geological Society to reward those 
individuals of any country by whom such researches may hereafter be 
made,”— such individual not being a Member of the Council.” 


1831, 
1835. 
1836, 


1837, 


18388. 
1839, 
1840, 
1841, 
1842. 


1845. 


1844. 
1845. 
1846. 
1847. 
1848. 
1849. 
1850. 
1851. 
1852, 


1853. 


1854, 
1855. 
1856. 
1857, 


Mr. William Smith. 
Dr. G, A. Mantell. 
M. L. Agassiz. 
ae T. P. Cautley. 

Dr. H. Falconer. 
Professor R. Owen. 
Professor C, G. Ehrenberg. 
Professor A. H. Dumont. 
M. Adolphe T. Brongniart. 
Baron L. von Buch. 

M. Elie de Beaumont. 

M. P. A. Dufrénoy. 

Rev. W. D. Conybeare. 
Professor John Phillips. 
Mr. William Lonsdale. 

Dr, Ami Boué. 

Rev. Dr. W. Buckland. 


Professor Joseph Prestwich. 


Mr. William Hopkins. 
Rey. Prof. A. Sedgwick. 
Dr. W. H. Fitton. 


M. E. de Verneuil. 
Sir Richard Griffith. 
Sir H. T. De la Beche. 
Sir W. E. Logan, 

M. Joachim Barrande. 


M. le Vicomte A. d’Archiac. 


1858 


1859, 
1860, 
1861. 
1862. 


1865. 
1864, 
1865, 
1866, 
1867. 
1868. 
1869, 
1870. 
1871. 
1872. 
1873. 
1874. 
1875, 
1876, 
1877. 
1878, 
1879. 
1880. 
1881. 
1882. 
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ae Hermann von Meyer. 

Mr. James Hall. 

Mr, Charles Darwin. 

Mr. Searles V. Wood. 

Professor Dr. H. G. Bronn. 

Mr. R. A. C. Godwin- 
Austen. 

Professor Gustav Bischof. 

Sir R. I. Murchison. 

Dr. Thomas Davidson. 

Sir Charles Lyell. 

Mr. G. Poulett Scrope. 

Professor Carl F. Naumann. 

Dr. H. C. Sorby. 

Professor G. P. Deshayes. 

Sir A, C, Ramsay. 

Professor J. D. Dana. 

Sir P. de M. Grey-Egerton. 

Professor Oswald Heer, 

Professor L. G, de Koninck. 

Professor T. H. Huxley. 

Mr. Robert Mallet. 

Dr. Thomas Wright. 

Professor Bernhard Studer. 

Professor Auguste Daubrée, 

Professor P. Martin Duncan. 

Dr. Franz Ritter von Hauer. 
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AWARDS 


OF THE 


BALANCE OF THE PROCEEDS OF THE WOLLASTON 
“ DONATION-FUND.” 


1831 


. Mr. William Smith. 
1833. 
1834. 
1835. 
1836. 
1838. 
1839. 
1840, 
1841. 
1842. 
1843. 
1844, 
1845. 
1846. 
1847. 


1848. 


1849, 
1850. 
1851. 
1852. 
1855. 
1854, 
1855. 
1856. 
1857, 


Mr. William Lonsdale. 

M. Louis Agassiz. 

Dr. G. A. Mantell. 

Professor G. P. Deshayes. 

Professor Richard Owen. 

Professor G. C. Ehrenberg. 

Mr, J. De Carle Sowerby. 

Professor Edward Forbes. 

Professor John Morris. 

Professor John Morris. 

Mr. William Lonsdale. 

Mr. Geddes Bain. 

Mr. William Lonsdale. 

M. Alcide d’Orbigny. 
Cape-of-Good-Hope Fossils. 

ta Alcide d’Orbigny. 

Mr. William Lonsdale. 

Professor John Morris. 

M. Joachim Barrande. 

Professor John Morris. 

Professor L. G. de Koninck. 

Mr. S. P. Woodward. 

Drs. G. and F. Sandberger. 

Professor G. P. Deshayes. 

Mr. 8. P. Woodward. 


1858. 
1859. 


1860. 


1861. 
1862. 
1863. 
1864, 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
| 1882. 


Mr. James Hall. 

Mr. Charles Peach. 

Professor T. Rupert Jones, 
Mr. W. K. Parker. 

Professor A. Daubrée. 

Professor Oswald Heer. 

Professor Ferdinand Senft. 

Professor G. P. Deshayes. 

Mr. J. W. Salter. 

Dr. Henry Woodward. | 

Mr. W. H. Baily. 

M. J. Bosquet. 

Mr. W. Carruthers. 

M. Marie Rouault. 

Mr. R. Etheridge. 

Mr. James Croll. 

Professor J. W. Judd. 

Dr. Henri Nyst. 

Mr. L. C. Miall. 

Professor Giuseppe Seguenza. 

Mr. R. Etheridge, Jun. © 

Myr. W. J. Sollas. 

Mr. 8. Allport. 

Mr. Thomas Davies. 

Dr. R. H. Traquair. 

Dr. G. J. Hinde. 


AWARDS OF THE MURCHISON MEDAL 
AND OF THE 
PROCEEDS OF “THE MURCHISON GEOLOGICAL FUND,” 
ESTABLISHED UNDER THE WILL OF THE LATE 
SIR RODERICK IMPEY MURCHISON, Barr., F.R.S., F.GS. 


“To be applied in every consecutive year in such manner as the Council 
of the Society may deem most useful in advancing geological science, 


= taal: lit 
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whether by granting sums of money to travellers in pursuit of know- 
ledge, to authors of memoirs, or to persons actually.employed in any 
inquiries bearing upon the science of geology, or in rewarding any 
such travellers, authors, or other persons, and the Medal to be given 
to some person to whom such Council shall grant any sum of money 
or recompense in respect of geological science.” 


1873. Mr. William Davies. Medal. ; 1877. Rev. J. F. Blake. 


1873. Professor Oswald Heer. 1878. Dr. H. B. Geinitz. Medal. 

1874. Dr. J. J. Bigsby. Medal. 1878. Mr. C. Lapworth. 

1874. Mr. Alfred Bell. 1879. Professor F. M‘Coy. Medal. 
1874, Professor Ralph Tate. 1879. Mr. J. W. Kirkby. 

1875. Mr. W. J. Henwood. Medal. | 1880. Mr. R. Etheridge. Medal. 

1875. Prof. H. G. Seeley. 1881. Professor A.Geikie. Medal. 

1876. Mr. A.R.C.Selwyn. Medal. | 1881. Mr. F. Rutley. 

1876. Mr. James Croll. 1882. Professor J.Gosselet. Medal. 


1877. Rev. W. B. Clarke. Medal. | 1882. Professor T. Rupert Jones. 


AWARDS OF THE LYELL MEDAL 
AND OF THE 
PROCEEDS OF THE “LYELL GEOLOGICAL FUND,” 


ESTABLISHED UNDER THE WILL AND CODICIL OF THE LATE 
SIR CHARLES LYELL, Barr., F.RS., F.G.S. 


The Medal ‘to be given annually ” (or from time to time) “as a mark of 
honorary distinction as an expression on the part of the governing 
body of the Society that the Medallist has deserved well of the 
Science,”—“‘not less than one third of the annual interest [of the 
fund] to accompany the Medal, the remaining interest to be given in 
one or more portions at the discretion of the Council for the encou- 
ragement of Geology or of any of the allied sciences by which they 
shall consider Geology to have been most materially advanced.” 


1876. Professor John Morris. ,; 1880. Mr. John Evans. Medal. 


Medal. 1880. Professor F. Quenstedt. 
1877. Dr. James Hector. Medal. | 1881. Principal J. W. Dawson. 
1877. Mr. W. Pengelly. Medal. 
1878. Mr. G. Busk. Medal. 1881. Dr. Anton Fritsch. 
1878. Dr. W. Waagen. 1881. Mr. G. R. Vine. 
1879. Professor Edmond Hébert. | 1882. Dr. John Lycett. Medal. 
Medal. 1882. Rev. Norman Glass. 


1879. Professor H. A. Nicholson. 1882. Professor C. Lapworth. 
1879, Dr. Henry Woodward. | 
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AWARDS OF THE BIGSBY MEDAL, 
FOUNDED BY 


Dr. J. J. BIGSBY, FRS., F.GS. 


To be awarded biennially “as an acknowledgment of eminent services 
in any department of Geology, irrespective of the receiver’s country ; 
but he must not be older than 45 years at his last birthday, thus 
probably not too old for further work, and not too young to have done 
much.” 


1877. Professor O. C. Marsh. 1881. Dr. Charles Barrois. 
1879. Professor E. D. Cope. 


AWARD OF THE BARLOW-JAMESON FUND, 
ESTABLISHED UNDER THE WILL OF 


Dz. H. C. BARLOW, F.G.S. 


“The perpetual interest of which is to be applied every two or three 
years, as may be approved by the Council, to or for the advancement 
of Geological Science.” 


1879. Purchase of Microscope. 
1882. Baron C. von Ettingshausen. 
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Estimates for 


INCOME EXPECTED. 


Due for Subscriptions for Quarterly Jounal... 2 7 8 
Due for Arrears of Annual Contributions ...... 200 0 0 
Due for Arrears of Admission-fees ............ 37 16 O 
| 240 3 8 


Estimated Ordinary Income for 1882 :— 


Annual Contributions from Resident Fellows, and Non- 


residents of LSa0mio TSGL ..... < «sis as cs ye sons eRe 1400 0 0 
PACIMISSIORAAGCS ss Men s.+ <n am tis oh ay oe eee 296 2 0 
Cami OsvitORS| 05.5 MRee » a> oe win ee eine le pe 199 10 0 
Annual Contributionsin advance ..............6..- 21 0 0 

Dividends on Consols and Reduced 3 per Cents .......... 233 2 10 
Advertisements in Quarterly Journal..............0. 05 : 8 0 0 
Sale of Transactions, Library-catalogue, Orme- 

rod’s Index, Hochstetter’s New Zealand, and | 

feist Qraellowa sxc ass « ME So pl eio erg ees 20 0 0 
Sale of Quarterly Journal, including Longman’s 

MC COMTE™ 5's bios ho ced aves pe REDS, © aera eee 230 O O 
Sale of Geological Map, including Stanford’s 

BCCI «35 tee ES 0 meats mie AN es orn nde ~ oq Omg 

275 0 0 


£2672 18 6 


J.GWYN JEFFREYS, Treas. 
8 Feb. 1882. 
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the Year 1882. 


EXPENDITURE ESTIMATED. 


Ly Sand OP ys ae, 
House Expenditure : 


Mawes and. IMsurance. 2.0 heap. ns .ecsssecesadvanone 30 5 10 
Se ie Ae ate craven MR Adee ee Eee ssw tas yall (4 
J MES) sca Son ah Rad Ae ee Se 35 0 0 
APR UITSEIE ere ei oS iertsat ne Soe deren vette ds os 208 00 
House-repairs and Maintenance.................. 205-97, GO 
petted CMSA | Maleiscienssoneed= cass seldeomcoason sas 20 0 0 
Washing and sundry small Expenses ......... 30 0 0 
PR arene NCCU O SI ah ceptecs cies cpatesntiacds isaessiness tore OF Oe 
192" “a £0 
Salaries and Wages: 
PASAT SATU SECEOLALY 0 oe.ss nu cvewe stone nseeeecesess on 350 0 0 
Clerk 2.001 FASE ae eat aclssii ne sarcidelin vs of 160 0 O 
Assistant in Library and Museum ............... OV COMEO 
DEVOURS HOWTO yet cert ta waveweciascydtenchevass spires 105 0 0 
ME Tigers tee TCL ret es Py ice cis dat cide «5 ens 40 0 0 
MMS ete ED Od ep acini e ee ectceists iclsd Bawieleince << « one 38 0 0 
Charwoman and Occasional Assistance......... 30 0 O 
Attendants at Meetings ...).............ssseresene So Oo 0 
AUGEOUMUAUES <2 c0- cee cu bene sun ne Spat = eels eae 10 10 O 


——— 8110 0 
Official Expenditure : 


pMATIGIN) Mec tat sk: pets ca saat oul oaie bss. SueemM alae eles 25 0 0 
Miscellaneous Printing ......... RPM ote aanchere 24 0 0 
Diagrams at Meetings ................-sceeeereceees 27 06 0 
Postages and other expenses ................00055 127.040 
— 126 0 0 
VEE) ee a oie een eee. i200, 0 
Publications : 
REO torical Woah ctens tac secar- x vheeeraen cic} 2 0 0 
Gunnterly POUR... cccieers- sa gecerepevelaseedert 1000 0 0 
o - Commission, Postage, 
Ai) ASAE ARSUIS 5. si « Peaans teat cane cen 100 0 O 
RBI EEE OUI ese. = rains plead ae telageaaun oe aosvee oo 0), 0 
Abstracts, including Postage ..............0068 100 0 O 
—————. 1237 0 0 
Balance in favour of the Society............ 146 2 8 
£2672 18 6 
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Income and Expenditure during the 


RECEIPTS. 


ce > Smee 
Balance in Bankers’ hands, 1 January 1881. 96 0 6 # 
6 8 @ 


Balance in Clerk’s hands, 1 January 1881 . 


ae 102 
Compositions *.:3 aawew..-<4: ears eee cn es 204 
Arrears of Admission-fees.../.......... 56 14° 0 
Admussion-eess LSet oboe eee vd lace 211 6-4 
oe 
Arrears of Anntal@ontributions 44) -i-< 0 ss-6-.0 20 1638 
Annual Contributions for 1881, viz. :— 
Resident Fellows ......... £1357 2 6 
Non-Resident Fellows ... 25 4. 30 
——_— 1382 
Annual Contributions Ta advanece .. ...... .... en oe 22 
Journal, Subscriptions imadvances;..5.. i. /sa\ eeu ipa 
Dividends on. Consols - . Baw. ees eee 207 18'S 
bs Reduced 3 per Cents. ...... 30-7 om 
——__— 255 
Taylor & Francis: Advertisements in Journal, Vol. 36.. 8 
Sale of £249 12s: 0d. Condgle 2). wt. son SO 250 
Publications : 
Sale of dournal,: V ols. 1—dtau. «2.08. e202 ae 116 8 10 
fe Wel OT Fea ee acieisterorrwstestoretycter 71 4 8 
Sale of Library Catalogue ..................065 30 5 O 
Sale of Geological Map: ...7i2....-...s0.0s<00n 16.16, of 
Sale of Ormerod’s Index.................-.e000+ ge Ree 
Sale of Hochstetter’s New Zealand ......... 0 T2""G 
ule OF dik Gt Hellows. x.t..cseienc-.~-«dseccer 0 3 20 
237 
*Due from Messrs. Longman, in addition to the 
above, on Joummal, Vol. S75 G6G....ccccccs0c<nectnnec 83> Baw 
Due from Stanford on account of Geological Map 9 3 4 
£92 11 11 
ae 


£2944 


15 


elke) 


tal 


~J 


19 


S 


SS 


We have compared this statement 
with the Books and Accounts presented 
to us, and find them to agree. 


(Signed) H. BAUERMAN, 
THOMAS WILTSHIRE, Auditors. 
Feb. 6, 1882. 
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EXPENDITURE. 
House Expenditure: eS de £ se 
LEG i RR Ae es ccs Or ne ee 2110 O 
Gree MNSUPANGS, | ccc cmaccusisdessacwaltnossucsee ces iy 0. @ 
Be eons oe nee ee ataciomemtaners accune sd 's'de fcaeae 20 18 8 
EE tae ae oc nev sattee oar easasa no ene cea desxtgehe 34 6 O 
| ACT DS esse a le oe 33 16 4 
House-repairs and Maintenance ............... kcal? ° 0) 
een nisa Ce ata) hae ec naiecnc ane aticncesne tas 18 19 O 
Washing and sundry small oe nekaatace 29 10 1 
Weare Wee Se. (eatee eve saccescecdnascedsecuas 16 0 
——— ._ 205 17 1 
Salaries and Wages : 
PISSIShENG SECKCUALY! | ~. jaichs..cscecyersonsdteorass 350 0 O 
Lois GRR Se 2 CER NO Sn A me 140 0 O 
Assistant in Library and Museum ........-.-- 1IGE 8 0 
PUQUIREN SUC WANG ceca weor ccecet ese aawacrwasonses l0as 6 ~0 
LEI OCISIEVCTRIG See ae eee Senet 40 0 0 
UBippremet Ey eat co. cow an ceeds s cee cdacalcosavn ee 36 8 0 
Charwoman and Occasional Assistance ...... 28 4 O 
Attendants at Meetings............s0c..cseseeees So 0 0 
He SEO 10) Se 3.8 0 
— 826 0 0 
Official Expenditure : 
SEMPRE Neots ac vete omc 2k cwcs gakienie «semen 26016" 4 
Miiscellanicons, Pring... coces.ecsceces+ etre 22 15 6 
Diasramisiat Meetivige: .2...2.0..00..6:s-seecneeee 115 6 
Postages and other Expenses ................6 92 13 0 
144 0 4 
Vertes as. he oe ose io ie | Ge Deane 103 4 8 
Publications : 
Cem ta ial NTA igs fic nen a Seine eves once tppaaniens don ko 
“Poy restacelIS\ (04 (Se es ee a rr a 10-4: 3 
pe VOGT wae cas rortese £1040 12 3 
», Commission, 
Postage, and Addressing. 9210 3 
—_——_— 11538 2 6 
ORR Ce 01812) 00) Se ee 33 12 6 
Abstracts. including Postage .................. 99 14 1 
Diibrary Catalogue) 5.05... 5... deccsssancatenes 268 10 O 
RHIC WON AIAG os cciscemns so.concncoepseecennss te Ut 17 


Balance in Bankers’ hands, 31 Dec. 1881. . 
Balance in Clerk’s hands, 31 Dec. 1881 .. 


VOL. XXXVIII. 


——— 1584 17 2 
66 3 10 


1416 £7 
—— 81 0 5 


£2944 19 8 


8 IL 8oF 8 IL 89s 
4 OL OL EL 1 ''''1' TRST toqmooog Te ‘stoyuug ye coupe | OT O 68 
SEOs = ee es Ee A -Y}ION PUB WOPUO'T UI poJsoAUL puny oY} WO spuopLAlT 
S 0 OLOL i Tepe WHA Ore “VY Jorg oy premy | OL OTST 
2? & ‘SINGITAV  "h oF ‘SLAIGOWY 
=“ 
5 ‘LNQOOOY sayy, ,,,dNAq IVOIN0TOTH NOSIHOUNA ,, 
3 
= 
& 
a ge 
: 6 IL 69F G IL 80F 
a L QLIg ‘ct TRgl toquieseg, Tg ‘s1oyueg ye oouvped 
2 () Oe ale ee ay Mb auNeaiters sels reeeee* gor? MONT JO 4800 WR 
A 0 OL OL POC eC Cnr eeee eee ne ey © es eeeeee © OF 6k see eee uBoun(y 
Fa UMC ‘I “JOIT OF Popieae [epo Ploy SuLyplys Jo ysoQ | 4 GT IS 
Ss Z Z SI <i ieee ss eee ee eT Mee ery OF PICA iy GT Ig es Pegs fe, 
SG Del eae ‘SINAWAV { y eS ‘SLIGO AY 


34 


‘INQOOOY Lsaxy, 


(ANA NOILVNO( NOLSVTIOM ,, 


ets SHOOTS ern yuod ac] ‘10199 rod PV AVMTTRYT U10489 AA 
ee 210 Arena (° T ‘ SLOyUV, 7B oOULlTe 


‘ ‘squ09 red & poonpoery UI poysoAUL pUN,T OY} WO SpuoprAly 
reereeees TOOT Arenuepe [ ‘stoyuVg 78 ooUL[VEy 


Ww —————— 
- 9 8 SLE 
RY eek | i SE al da "1 1eq{u1800(q 1g ‘sloyueg 4e oouepeq 
6 G BL ‘' slomug ‘9 ‘Iq 0} poprVMe ‘epey POL SULyLIys Jo ys0—p 
ot ‘SINTWAV 
‘INNOODY Tsay, 
Bf OLS ser 
oa ee ee Pee 
2 OLOL Se ‘8 Tegl dtaquooeg TE ‘stoxug ye couepeg 
a 09 6 ‘''''''' sadoosorrpy s,4,0100g 04} Loy sduey Jo oseyoing 
aq P 8 F ‘SLNAWAV 
A 
zi “EBNNODOY LSNUy, 
fey 
9 ¢ OGLF 
ie a ee. sa es oe ee _ 1881 TO(MDA(T TE ‘sloyuR_ yvV oouvyeq 
6 OT 1Z etm Wer het Pe UI me er) ak ris Petia ee ay Yo Ly WoyUW “ACT 66 
(Ceo | fags) ed MS Ug Par ye Daa ROR Ore Rou ar i Any q4 
isis een eS 2S "BPO WITM ‘uosme "AA "f “IC, OF premay 
ps F ‘SINUWAV 
‘ | _ ‘INQODDYV Lsauxy, 


es 


9 8 SIF 

62 9 ‘'''' 's}UAD wed G MON UT poJsoAUT pun,T oY} WO spusprArqy 
GG By te io ee Se ere 1 ied 
D's ¥ ‘SLAIMO DIT 


e2 


<, ANOY AASOIG ,, 


OL G GF 

ZL GLPL ‘''''''''* ~~ sposuoy UL pezseAuI puny oy} Wo spueprlAr(y 
@ OL 0g ‘“'''* ttt" TegT Avenue | “sxoxueg 48 eouBlER 
anes ey, ‘"SLAIMONY 


(ONO NOSTNWVP-MOTUVG ,, 


o. 2 Velo 


eee ee ee aot. 2 OO ee: Ce Ee se SE 8 Ne 8S ee 8 


0 SL 80S. HOS Fued 

rod $e uvprodonoyy Uy peyseauT Pung Oy} Wo spuSprArg 
3 a 3) OE ae ' [QT Arenurve T[ ‘s1eyueg ye oouvpeq 
‘p “9 of ‘SLAIMO My 


sweeter ee eer eeae 


(ANA TIVOINOTOUH TIIA'T ,, 


e 


36 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 


AWARD oF THE WoLutAston MEDAL. 


In presenting the Wollaston Gold Medal to Mr. H. Bavermay, 
F.G.S., for transmission to Dr. Franz Ritter von Haver, F.M.G.S., 
Director of the Austrian Geological Survey, the President addressed 
him as follows :— 


Mr. BavermMan,— 


In handing to you the Wollaston Medal for transmission to Franz 
von Hauer, I trust you will inform him that the Council of the 
Geological Society award this, their highest prize, in recognition 
of his valuable labours in connexion with the Geology of Austro- 
Hungary, and especially for his long-continued services in the inves- 
tigation of extensive areas, and his numerous descriptive memoirs 
produced during the preparation of the Great Map of the Austrian 
Empire. Von Hauer has contributed no less than 100 papers and 
memoirs to geological literature, 25 of which are on paleontological 
subjects; he has paid particular attention to the fauna of the Hall- 
stadt and Raibl beds, and to the Cephalopoda of the Eastern, or 
Austrian Alps. His descriptive pamphlets relating to the General 
Map of Austria are models of concise description as summarizing 
the results of the work of the Imperial Geological Survey. These 
results have also formed the basis of a general manual of Austrian 
Geology, which is the best guide we have to some of the most 
interesting parts of Central and Eastern Europe. Von Hauer has 
been attached to the Austrian Survey ever since its commence- 
ment in 1849; he succeeded Haidinger as Director in 1866. His 
great work is ‘ Die Geologie und ihre Anwendung auf die Kennt- 
niss der Bodenbeschaffenheit der Osterr.-ungar. Monarchie,’ pub- 
lished in 1875. I have said enough, Sir, to enable you to inform 
Dr. Franz Ritter von Hauer of the high appreciation the Council 
have of his merits, and the satisfaction they have in recognizing 
them by awarding to him the Wollaston Medal. 


Mr. Baverman, in reply, said that he regretted that the compul- 
sory absence of the Foreign Secretary, Mr. Warington W. Smyth, pre- 
vented his receiving this Medal from the hands of the President. He 
had much pleasure, however, in undertaking the office of transmitting 
to Dr. Franz von Hauer this testimony of the appreciation of his 
valuable labours on the part of the Geological Society. He called 
attention especially to the Geological Survey Map of Austria, the 
sheets of which were on the table, and which had been produced by 
the labours of the Survey under the direction of Franz von Hauer. 
Notwithstanding the difficulty of much of the country represented 
and the small scale of the map, the details were admirably worked 
out, and the Map itself was one of the most beautiful ever produced. 


eee 
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AWARD oF THE Murcuison MeEpAt. 


_ The Prusrprent then presented the Murchison Medal to Professor 
Jutes Gossetet, F.C.G.8., of the Faculty of Sciences of Lille, and 
addressed him as follows :-— 


Professor GossELET,— 


The Council of the Geological Society has selected you to receive 
the Murchison Medal and part of the proceeds of the Murchison 
Fund, in recognition of your distinguished services to Geological 
science. Your labours have extended over 25 years and have been 
devoted to the elucidation of the history and physical structure of 
the north of France and Belgium, in the latter country, particularly, 
with relation to the Paleozoic rocks of the Ardennes, culminating 
in your researches into the structure of the Franco-Belgian Coal- 
field, so amply described and worked out in your ‘ Esquisse Géolo- 
gique du nord de la France.’ For this valuable work the French 
Academy of Sciences in 1881 awarded to you the Bordin prize, the 
highest in their power to confer upon you. 

I must here mention, although but briefly, the nature of your 
researches. Your published papers or contributions to geological 
science number 22; I can only enumerate two or three which pro- 
minently stand out and show your extensive labours. In 1860-61 
the Geological Society of France published your “ Mémoire sur les 
terrains Primaires de la Belgique et du nord de la France.” In the 
publications of the Brussels Academy of Sciences for the year 1863 
appeared your paper “‘Sur les terrains Primaires de la Belgique.” 
In 1873, in the ‘Annales des Sciences Géologiques,’ vol. iv., appeared 
your memoir on ‘‘Le systéme du Poudingue de Burnot, entre Dinant 
et Namur,” and in the ‘ Bulletin’ of the Academy of Sciences at 
Brussels, yourself and M. C. Malaise published your observations 
“Sur le terrain Silurien de l’Ardenne.” In addition to your many 
papers, your work above named, ‘ Esquisse Géologique du nord de la 
France, would place you in the front rank of observers and entitle 
you to high consideration. The nature and value of your investi- 
gations and the tendency of your researches led the Council to believe 
that the Medal founded by Sir Roderick Murchison would be worthily 
conferred upon you. 


Professor GossELET, in reply, said :— 


Monsieur le Présipent,— 


J’ai souvent regretté de ne pas connaitre la langue anglaise; mais 
jamais autant qu’aujourd’hui, ot. je me vois forcé de vous exprimer 
en un langage ¢tranger ma reconnaissance pour Je grand honneur 
que me fait le Conseil de la Société Géologique de Londres en me 
décernant la médaille Murchison. Vos récompenses sont les plus 
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flatteuses que puisse recevoir un géologue étranger, parce qu’elles 
sont exemptes de toute idée d’école et de toute considération per- 
sonnelle. Je suis particulierement honoré que vous m’ayez jugé digne 
d’associer mon nom a celui de Murchison, du grand géologue qui a 
été un des fondateurs de la géologie des roches paléozoiques. Depuis 
mes premiers travaux géologiques, j'ai concu une grande estime pour 
cet illustre savant, et dans bien des circonstances j’ai défendu sa 
classification des formations Siluriennes et Dévoniennes. Permettez 
moi d’associer 4 mes remerciments la Société Géologique du Nord. 


En décernant Vannée passée une médaille a M. Barrois et en m’en - 


décernant une cette année, vous nous avez donné une haute marque 
de sympathie. Nous nous efforcerons de nous en montrer dignes. 


AWARD oF THE LyEett MEDAL. 


The Presrpent next handed the Lyell Medal to Prof. J. W. Jupp, 
F.R.S., Sec.G.S., for transmission to Dr. Joun Lycrrt, of Scar- 
borough, and addressed him as follows :— 


Professor Jupp,— 


The Council have awarded the Lyell Medal and part of the pro- 
ceeds of the Lyell Fund to Dr. John Lycett, in recognition of his 
patient and long-continued researches on Jurassic paleontology, 
especially those devoted: to the critical history and description of 
the Great-Oolite Mollusca of Minchinhampton, published in the 
Paleontographical Society’s volumes for the years 1850-55, in con- 
junction with Professor Morris; also for his supplementary mono- 
graph in the same publication, “On the Mollusca of the Stonesfield 
Slate, Great Oolite, Forest Marble, and Cornbrash.” Besides these, 
Dr. Lycett has written (1871-79) a complete and important mono- 
graph of the British Trigonie for the same Society, in which he 
describes no less than 109 species; this splendid contribution to the 


history of a single genus of Mollusca is probably unsurpassed in any . 


language ; and when we know that the authors of all the memoirs 
published by the Palzontographical Society give their time and 
knowledge without remuneration, we may well reward, as best we 
can, work done so well and so unselfishly contributed. 

Dr. Lycett has contributed seventeen papers to the ‘ Annals and 
Magazine of Natural History,’ and fourteen to the ‘ Transactions of 
the Cotteswold Club,’ and has published a Handbook to the Geology 
and Paleontology of the Cotteswold Hills. 

You will convey this Medal and award to Dr. Lycett, and assure 
him that, although he is not a Fellow of this Society, we are never- 
theless not unmindful of the great service he has rendered to Jurassic 
paleontology. 


Prof. Jupp, in reply, apologized in the name of Dr. Lycett for his 
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absence on this occasion, which he said was due to the weak state 
of his health. At Dr. Lycett’s request he represented him at the 
Meeting, and he read the following letter from Dr. Lycett :— 


“Dear Mr. Jupp, “ Scarborough, Feb. 10, 1882. 


‘“‘T desire through you to express to the President and Fellows 
of the Geological Society my deep sense of the honour they confer 
upon me in presenting me with the Lyell Medal. [I also wish to 
express my regret that infirmities connected with advance of years 
quite prevent my having the pleasure of being present upon this 
occasion. 

“Even the little which I have been enabled to effect in the culti- 
vation of paleontological science has always been to me a never- 
failing source of pleasure and satisfaction, qualified, however, by a 
regret that my means and opportunities have been so limited in 


their scope, and a conviction that all I have either accomplished or » 


attempted is altogether insignificant in comparison with the immense 
field of research presented by nature to the student in paleontology. 
“| remain, dear Mr. Judd, 
Yours truly and faithfully, 
Joun Lycert.” 
“Professor J. W. Judd, F.RS., F.G.S.” 


AWARD OF THE WoLLASTON Donation Funp. 


In presenting the balance of the proceeds of the Wollaston Dona- 
tion Fund to Dr. Grorez Jennines Hinpz, F.G.8., the Presmrnt 
said :— 


Dr. Hinpzr,— 


The Council of this Society has awarded to you the balance of the 
proceeds of the Wollaston Fund as a testimony of their recognition of 
the value of your researches in certain groups of the Invertebrata 
and upon Glacial phenomena in Canada, the latter carried on during a 
residence of seven years in that country, where your entire time was 
spent in geological research and gaining an extensive knowledge of a 
large area of eastern North America, extending from Nova Scotia on 
the east to Nebraska on the west, and from the shores of Lake Superior 
to the Gulf of Mexico. Your researches on the Silurian fossils of the 
Niagara and Guelph formations, the Glacial phenomena of the penin- 
sula of Western Canada, and on the Glacial and Interglacial Strata 
of Scarboro’ heights, near Toronto, are described in the Canadian 


Journal. Your discovery of Conodonts and the jaws of Annelids | 


in the Ordovician strata near Toronto showed conclusively that they 
were as abundant in that formation, the Silurian and Devonian 
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strata of North America, as in the rocks of the same age in Russia, 
where they bad been described by Pander. This discovery of 
Annelid jaws proved the existence of this class, previously supposed 
to have existed in the Paleozoic strata only from their tracks ; it also 
showed their close relationship to existing errant Annelids. This 
was followed by your discovering similar Annelid remains in the 
Silurian strata of the west of England and in the Subcarboniferous 
rocks of Scotland. Lastly, your careful, learned, and elaborate 
researches upon the large collection of fossil sponges in the British 
Museum, at present in MS., would alone entitle you to the conside- 
ration of the Council. I therefore in their name hand you the 
balance of the proceeds of the Wollaston Fund, to enable you to 
carry on further research and to mark their high appreciation of 
your labours. : 


Dr. Hive, in reply, said :— 
Mr. PREsIDENT,— 


I desire to express my hearty acknowledgments to the Council 


of the Geological Society for the honour which they have bestowed. 


upon me, and to you, Sir, for the kind terms in which you have 
conveyed the award to me. I accept it with great gratification, for 
I regard it not only as a complimentary recognition on the part of 
the Council of the work which I have done, but also as a proof of 
their sympathetic encouragement of my future efforts. 

That I should ever accomplish any thing which would lead to 
my receiving the Wollaston fund did not enter into my wildest 
dreams when I made my early attempts, some years since, in geo- 
logical investigation in that grand field for practical study, the 
dominion of Canada. I commenced under the guidance of my 
esteemed friend and former teacher, Prof. Alleyne Nicholson, then 
of Toronto, to whom I am deeply indebted for those initiatory 
lessons in practical work which have since proved invaluable to me. 
It was not until after trying my prentice hand on various subjects 
that I was induced by one or two happy finds to adopt for my 
special study the task of searching after and elucidating the fossils 
of the lower forms of animal life which, either in themselves or in 


their component parts, are so minute as to require the microscope | 


for their investigation. My experience in America taught me that 
in order to make fresh discoveries in paleontology, it was necessary 
to take into the field a good lens, as well as a hammer, so as to find 
those little fossils which, on account of their smallness, are passed 
over by most observers; but I did not expect that in this country, 
where almost every yard of ground had been subjected to scrutiny, 
much remained for discovery, even amongst these small objects. I 
am very glad to find myself disappointed in this belief; for the little 
which I have explored as yet in this country convinces me that in 
this line of research there is abundant work yet to be done; and 
stimulated by the mark of your encouragement which I have this 


vail 
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day received, it will be my earnest effort and my hope, by patient 
study in this promising field, to contribute still further to the ex- 
tension of the boundaries of the science which it is the object of our 
Society to advance. 


AWARD OF THE Murcuison GroLocicaL Funp. 


The Presrpenr next handed the balance of the proceeds of the 
Murchison Donation Fund to Prof. T. G. Bonnry, M.A., F.R.S., 
Sec. G.S., for transmission to Prof. T. Ruprrr Jonzs, F.R.S., F.G.S., 
and addressed him as follows :— 


Prof. BonnEy,— 


The Council of the Geological Society has no ordinary pleasure 
in handing to you for Prof. Rupert Jones, F.R.S., the balance of 
the Murchison Donation Fund in recognition of the valuable services 
he has rendered to special branches of geological and paleonto- 
logical science. His contributions to the history and paleontology 
of the Lower Invertebrata, especially the Rhizopoda and Ostracoda, 
have won for him European and world-wide fame. Besides several 
important memoirs in the volumes of the Palezontographical Society, 
and his share in the Treatise on Foraminifera published by the Ray 
Society, he contributed nearly 100 papers to various magazines 
and societies, especially the ‘Annals and Magazine of Natural 
History,’ between the years 1859 and 1880, and, with few excep- 
tions, all bearing upon his favourite studies. In several of his 
many important communications he was associated with Mr. W. K. 
Parker, F.R.S.; and I may here mention his joint papers, ‘‘On 
the Nomenclature of the Foraminifera” and “On the Rhizopodal 
Fauna of the Mediterranean compared with that of the Italian and 
some other Tertiary Deposits,” all of the utmost value for the history 
of these minute organisms. I can only notice, from want of time, four 
or five papers by himself :—1. ‘‘ On the oldest known Fossil (Hozoon 
eanadense) of the Laurentian Rocks of Canada,’ &c.; 2. “ On 
Recent and Fossil Bivalve Entomostraca”’; 3. ‘‘On the Swiss Jurassic 
Foraminifera”; 4. “On the Entomostraca of the Carboniferous 
Rocks of Scotland”; 5. ‘‘On the range in time of the Foraminifera.” 
I may refer also to his completion and editing of Lartet and Christie’s 
‘Reliquiz Aquitanice,’ ranging from 1865 to 1875, to his new 
edition of Dixon’s ‘ Sussex,’ to his assisting in editing the ‘ Micro- 
graphic Dictionary,’ to his editing the ‘ Arctic Admiralty Manual ’ 
for the Nares Expedition in 1875, to his famous Croydon lecture, 
and to that most useful though small book, ‘Syllabus, or Heads 
of Lectures for the use of Lecturers or Teachers,’ by himself and 
Prof. Morris. Other subjects have likewise received his attention, 
as shown by his papers ou the Primeval Rivers of England, and on 
the Diamond Fields of South Africa, amongst many others. Fifteen 
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_ of his papers have appeared in the Quarterly Journal of our Society. 

For such patient, good, and long-continued work, most of it without 
remuneration, the Council deem him eminently worthy of the award 
they offer for his acceptance. 


Prof. Bonney, in reply, said :-— 
Mr. PRestipENT,— 


It is with great regret that I find myself acting today as deputy 
for Prof. Rupert Jones, because his absence is caused, not by official 
duties or engagements yet more pleasant, but by rather serious ill- 
ness. I am, however, glad to have the opportunity of expressing 
my sympathy with him under treatment which appears to me unjust, 
my appreciation of him as a geologist, and my esteem for him as a 
man, especially for the reason that he has always been so ready to 
place his great stores of knowledge at the service of younger students. 
I proceed, then, to read the reply which he has intrusted to me :— 


Mr. PREsIDENT,— February 17, 1882. 


“This unexpected honour awarded by the Council of the Geological 
Society to a worker among Foraminifera and Entomostraca and a 
teacher of geology among the rising generation, I venture to regard 
rather as an incentive to still more careful work and still more 
earnest teaching than as an honorarium for any work done or any 
good results yet attained. 

“The endeavour to disseminate knowledge by teaching has not 
been without its pleasures, though the professorial pay has ceased 
for want of sympathy with geology in some quarters. 

‘The paleontological work has always carried its reward with it, 
both in the fulfilment of a naturalist’s duty and in the frequent 
friendly cooperation of fellow workers. 

“The foremost of these is my distinguished friend Prof. W. K. 
Parker, who was associated with me by the Council some twenty 
years ago in a high compliment similar to that for which I now give 
you thanks. 

‘“‘ Another friend and fellow-worker, Mr. Kirkby, was honoured 
not long since with a similar tribute to his scientific worth and 
industry. 

“‘T'o enjoy such associations is a reward in itself. 

“To know that the Society appreciates what I have done and 
tried to do is in itself a reward also. 

“To have this encouraging mark of its favour, as instituted by one 
of the best of geologists, and one of the best of my old friends, is a 
pleasure and an honour greater than I deserve.” ° 
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AWARD OF THE LyEtt Donation Funp. 


In presenting to Prof. Coartes Larworts, F.G.S8., of the Mason 
College of Science, Birmingham, one moiety of the balance of the 
proceeds of the Lyell Donation Fund, the Prustprent addressed him 
as follows :— 


Prof. Larpworta#,— 


Those who know not your valuable contributions to paleozoic 
geology and paleontology have much to learn: probably no other 
author has so ably written upon the Graptolitide, or has taken a 
more comprehensive view of the history of life and development 
in the lowest rocks of the British Islands and Scandinavia than 
yourself. : 

You have enriched the literature of palzozoic paleontology by 
fourteen or fifteen communications of the greatest value. Chief 
amongst them is your paper in our Journal on the Moffat series in 
1878; no recent contribution to this branch of paleontology sur- 
passes this in research. Most of your papers have been contributed 
to the Geological Magazine, between the years 1870-81, and tothe 
publications of the Glasgow and Edinburgh Geological Societies, 
and most of them have an important bearing upon the history of 
the Rhabdophora, both zoologically and stratigraphically. I may 
mention your papers on the British Graptolites and their allies, 
and on an improved classification of the Rhabdophora, both in the 
year 1873; also, in 1876, your paper on the Scottish Monograp- 
tide, and your two philosophical papers on the Tripartite division 
of the Lower Paleozoic rocks, and on the correlation of the Lower 
Paleozoic rocks of Britain and Scandinavia. I believe you are now 
engaged in the preparation of another paper requiring considerable 
research ; to aid you therefore in this, the Council have awarded 
to you part of the proceeds of the Lyell Fund. 


Prof. Larworts, in reply, said :— 
Mr. PresipEnt,— 


Tam deeply sensible of the unexpected honour conferred upon 
me by the Council in making this award, and I beg to offer them my 
sincere thanks. I am especially grateful for the generous and flat- 
tering terms in which you, Sir, have referred to my labours and for 
the kindly and hearty manner in which the Fellows of the Society 
have received the mention of my name. 

My original work in geology in the past has been the delightful 
employment of such few hours as I have been able to snatch from 
the absorbing duties and avocations of a very busy life; and to me 
the charms of original research are so attractive that I feel pretty 
confident that such leisure time as I find at my disposal in the future 
will most certainly be devoted to the same pursuits. 
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Next to the pleasure of original discovery itself is the profound 
satisfaction that springs from the knowledge that one possesses the 
interest and sympathy of one’s fellow scientists. And here I have 
always felt that I have been more than ordinarily fortunate ; for the 
Fellows of this Society have cheered me from the first with their 
kindly approval and encouragement. 

I look upon this award, as I did upon that which I received a few 
years ago, as distinct and tangible evidence of their continued interest 
in my work and their desire for its continuance, and I accept it in 
the spirit in which it is given. 

I am especially gratified that the present award is associated with 
the illustrious name of Sir Charles Lyell. His unbiassed conscien- 
tiousness in the accumulation of his facts, his fearless and earnest 
search for truth, and truth alone, and his calmness and modesty in 
the presentation of his magnificent results, have always made him 
appear in my eye’ to be that one of the geologists of the modern age 
most worthy of respect and imitation, and I feel a profound pleasure 
in being thus associated, however remotely, with his illustrious 
name. 

I can only trust that in the future which is left to me that little 
which I shall be able to accomplish may be performed at least. 
somewhat in his spirit, and along those lines which shall retain for 
me that which I regard as one of the proudest possessions of my 
scientific life—the sympathy and approbation of the Fellows of this 
Society. 


The Prestpent then presented to the Rev. Norman Guass the 
second moiety of the Lyell Donation Fund, and addressed him as 
follows :— 


Mr. Guass,— 


The Council have awarded to you part of the proceeds of the Lyell 
Donation Fund in recognition of the valuable aid and services you 
have rendered in elucidating the history and internal structure of 
the British and Foreign Brachiopoda. The generous and talented 
assistance you have rendered to Mr. Davidson through your method 
of preparing for observation the interior anatomy of the Brachiopoda, 
for the publication of his great ‘ Memoir’ upon the British Paleeozoic 
Brachiopoda, may, perhaps, only be known to a few; but those few 
so highly appreciate your disinterested aid, and the result of your 
work as depicted by Mr. Davidson, in the plates of the volumes 
of the Paleontographical Society, that the universal praise of your 
patience and industry has caused the Council to deem you richly 
deserving the award they ask you to receive to help you on still 
more with your valuable work. 


Mr. Guass, in reply, said :— 
Mr. PresipEent,— 


I need hardly say that I greatly esteem the honour which has 
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been conferred upon me by the Council of this Society. The sense 
of this honour has been increased by my being associated with those 
gentlemen whose services to science you have just recognized ; and I 
am more especially gratified in receiving this honour, Sir, from your 
hands,remembering the kindness and encouragement which I received 
from yourself and from the late Dr. S. P. Woodward more than 
twenty years ago, when I first began to take an interest in paleon- 
tology. Of course my work has been subsidiary to that of my 
honoured friend Mr. Davidson, whose scientific attainments and 
achievements are well known and esteemed by all.who are interested 
in the study of geology. I have often, no doubt, during the three 
or four years of my labours with Mr. Davidson tried his patience ; 
but then he has also sometimes severely tried mine; for he has per- 
sistently demanded proof, and still more proof, long after I have been 
convinced myself of certain peculiarities of structure. Very natu- 
rally, whilst manipulating a specimen, I often arrived at assurance 
myself before I could make such preparations as would convince an 
observer who had not been using my process for himself. However, 
Mr. Davidson’s persistent demands for proof have only added to the 
assured correctness of the results obtained. Mr. Davidson I have 
found in many respects an admirable correspondent. Some of my 
friends seem to cherish the preposterous idea, that if you will only 
allow a letter to remain quiet long enough it will answer itself. 
This, however, is not the principle by which Mr. Davidson acts in 
his correspondence ; and to the hundreds of communications I have 
sent to him I have hardly ever failed to receive an answer by return 
of post. In coneluding my remarks I should like to express again 
the esteem with which I regard the honour which the Council of 
the Society has been pleased to confer upon me, and the hope I have 
that, inspired by their kindly recognition, I may do some further 
service to the science which I love so well. 


AWARD oF THE Bartow-JAmMEsON Funp. 


The PrestpENT next presented a portion of the proceeds of the 
Barlow-Jameson Fund to Baron Constantin von ETTINGsHAUSEN, 
Professor of Botany in the University of Graz, Austria, and addressed 
him as follows : — 


Professor von ErrinesHAUSEN,— 


It is with much pleasure that the Council of the Geological Society 
award to you the proceeds of the Barlow-Jameson Fund, in recognition 
of their high appreciation of your valuable contributions to Fossil 
Botany. Your services to this branch of science consist in the 
application of your knowledge of Recent Botany to the investi- 
gation of Fossil Plants, your extensive researches into the forms 
and venation of recent leaves, with the view of discovering cha- 
racters which would assist in determining the affinities of the 
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constituents of the Tertiary floras, and the success which has 
attended your experiments in exposing the remains of plants by 
freezing water which has been forced, under great pressure, into the 
matrix. The value of your labours is shown by your numerous 
memoirs on Fossil Plants, Paleozoic and Mesozoic, as well as Tertiary, 
published during the past thirty years, during which time you have 
enriched the literature of this science with no less than sixty 
papers, published chiefly in the Transactions of the Vienna Aca- 
demy. We have also to take into consideration the important 
work which, in association with Mr. Gardner, you have accom- 
plished relative to our English Tertiary fossil flora contained in 
the clay beds of Bournemouth and the Isles of Wight and of Sheppey. 


This recognition of your services will show that your labours are — 


appreciated and valued by British paleontologists, and may encourage 
you to the continued prosecution of the work you have undertaken, 
a work which your extensive acquaintance with Tertiary floras in 
other lands specially fits you to perform. 


Prof. von ErrrmnésHAvsEN, in reply, said :— 


Mr, Presipent,— 


I have to express my best thanks to the Geological Society for 
the honour conferred on me this day by the Council of the Society, 
and I am especially grateful to you, Sir, for the kind manner in 
which you have spoken of my works. If any encouragement was 
needed to induce me to continue the work upon which I am engaged, 
it would be found in the kind words which I have received from 
you today. ann 


THE ANNIVERSARY ADDRESS OF THE PRESIDENT, 
Rosert Erneriner, Esq., F.R.S. 


Fottow1ne the course pursued by my predecessors in this Chair, I 
preface my Address with brief obituary notices of some of those 
Fellows of the Society whose death has taken place during the past 
year. 


With deep regret I announce the death of Sir Puitrp pz Marpas 


Grey Eerrron, Bart., M.P., of Oulton Park, Cheshire (one of the oldest _ 


Fellows of our Society), which took place at his town residence, 
288, Albemarle Street, on the morning of April the 6th, 1881, after 
only two days’ illness. Sir Philip was the eldest son of the Rev. Sir 
Philip Grey Egerton, the ninth Baronet and Rector of Tarporley and 
of the higher Mediety of Malpas. Sir Philip was born on the 138th of 
November, 1806, and was consequently in his 75th year at the time 
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of his death. He was educated at Eton and at Christ Church, Ox- 
ford, taking his degree in 1828. Sir Philip was a Deputy-Lieutenant 
and Justice of the Peace for Cheshire, and Lieutenant-Colonel of the 
Cheshire Yeomanry Cavalry; he was senior elected Trustee of the 
British Museum, and one of the Trustees of the Royal College of 
Surgeons of London, member of the Senate of the. University of 
London, and also one of the original Trustees of the British Asso- 
ciation. 

Sir Philip Egerton was a distinguished Fellow of, both the Royal 
and Geological Societies, to both of which he contributed many 
valuable papers, especially the latter, mostly connected with his 
favourite subject, fossil ichthyology, in which branch of pale- 
ontology he stood preeminent. When at Christ Church, Oxford, 
he studied geology under Buckland and Conybeare, and then com- 
menced collecting fossil fishes in conjunction with his early friend 
and college-companion Lord Cole, now Earl of Enniskillen. Both 
undertook a lengthened tour through Germany, Switzerland, and 
Italy for the purpose of study and collecting. The joint collecting 
continued until the day of his death; and for fifty-five years Sir 
Philip Egerton and Lord Enniskillen ceased not to possess them- 
selves, whenever opportunity occurred, with every thing bearing 
upon the history of fossil ichthyology, thus amassing together two 
of the largest collections ever made by private individuals. The 
collection made by the Karl of Enniskillen, at Florence Court, 
has been purchased by the Trustees of the British Museum, and is 
now being removed to the new Natural History Museum in Crom- 
well Road, South Kensington. It is also decided that the equally 
magnificent and unique collection made by the late Sir Philip Eger- 
ton, and now at Oulton Park, shall also form part of the National 
collection, thus preserving and handing down to posterity the united 
collection of these two distinguished naturalists ; and be it remem- 
bered that Sir Philip Egerton and Lord Enniskillen collected nothing 
but fossil fishes, devoting their energies and means only to one great 
end, that of forming a collection and obtaining every thing known 
relative to fossil ichthyology: how they have succeeded, all paleon- 
tologists both in Europe and America fully know. The ardour of 
the two collectors never ceased, and the collections that thus went 
on side by side are undoubtedly the most’ complete that have ever 
been formed by private individuals, and mutually illustrate each 
other. Sir Philip Egerton enriched palzontological literature by the 
publication of no less than seventy-three papers upon Fossil Fishes 
alone, six upon Reptilia, and two upon “Cave-remains.” Most of 
Sir Philip’s papers were communicated to our Society, and pub- 
lished in the ‘Transactions’ and the ‘Quarterly Journal;’ he 
also contributed to the ‘Geological Magazine.’ The Memoirs and 
Decades of the Geological Survey were continually being enriched 
by his descriptions ; in these volumes five whole decades, descriptive 
of fifty species, were entirely prepared and published through the 
labours and learning of Sir Philip Egerton. These memoirs, and 
many papers contributed to the above-named Societies from the 
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year 1833 furnish a sufficient indication of the wide range of 
Sir Philip’s observations; and the light thrown by him on the 
structure and affinities of fossil fishes and reptiles has been of the 
highest value, and his writings form in the aggregate a most im- 
portant contribution to our knowledge of the history of organic life. 
Sir Philip Egerton was elected a Fellow of the Geological Society 
in the year 1829, the Royal Society in 1831, the Society of Anti- 
quaries and Royal Archeological Institute of Great Britain in 1876. 
He was an active member of the Councils of both the Royal and 
Geological Societies, as well as of the Paleontographical, at all of 
which he was a constant attendant. 

Under the presidency of the Duke of Argyll the Council of the 
Geological Society in 1873 awarded to Sir Philip the Wollaston 
Medal, its highest recognition for distinguished services in geolo- 
gical and paleontological science. His Grace, on presenting the 
medal to Sir Philip Egerton, said, “* Your services have been so 
great and so universally recognized, that the only difficulty I now 
have is not in assigning grounds for the vote which I have the 
pleasure of announcing, but in explaining why it has been so long 
delayed. That delay has been occasioned solely by the fact that you 
have yourself been so long an honoured member of the Council 
whose duty it is to consider the claims of geologists for the honours 
of this Society ; and whatever influence you have had in that body 
has doubtless been exerted in favour of others to the exclusion of 
yourself.” 

In 1879 the Chester Society of Natural Science presented to Sir 
Philip Egerton the first Kingsley Medal, in recognition of his valu- 
able services in promoting the objects of that Society, and the 
interest he took in all connected with the literature and history of 
the county. 

Sir Philip Egerton represented the City of Chester in 1830, and 
continuously represented the southern division of the county until 
1868, when he was returned for Western Cheshire. He was for 
nearly half a century in the House of Commons, being the oldest 
member but one in that assembly. 


Prof. James Tennan'r, born in 1808, came to London at an early age, 
and entered the service of Mr. Mawe, the well-known mineralogist, 
whose shop in the Strand was a centre of resort for men of science. 
Mr. Mawe’s stock consisted of shells, minerals, marbles, &c., &c., 
many of which Mr. Mawe obtained during his frequent travels. 
Here Tennant gained his first acquaintance with minerals. The 
classes of the Mechanics’ Institution which he joined, and attendance 
on Faraday’s Lectures at the Royal Institution, improved his edu- 
cation and enlarged his scientific knowledge of the specimens ‘in 
which Mr. Mawe dealt. At Mr. Mawe’s death the management of 
the business devolved upon Tennant, who shortly after succeeded to 
it as proprietor. 

Mr. Tennant derived much advantage from the friendship of Sir 
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Everard Home, whose knowledge of crystallography enabled him to 
impart much valuable information to Tennant. 

Soon after the opening of King’s College the Council desired a 
teacher in mineralogy, and applied to Faraday for his nomination 
of a fit person ; his recommendation was in favour of Tennant, who 
shortly after his appointment received the title of “ Professor of 
Mineralogy.” This new position opened a wider field of usefulness 
and study. Soon after, Mr. Tennant was appointed Lecturer on 
Mineralogy and Geology at Woolwich, a position which he retained 
until the lectures were discontinued. 

Professor Tennant was one of the first to promote the discovery 
of diamonds in South Africa, always believing in their occurrence 
and genuineness. He was an ardent advocate of technical educa- 
tion; and having seen the valuable application of the lathe in 
cutting both diamonds and other valuable stones and marbles, he 
induced the Turners’ Company to promote the advancement of 
turning by offering prizes annually for specimens in all branches 
of the art. Great credit is due to Professor Tennant for the 
revival of this branch of technical education as applied to orna- 
mental work of all kinds and materials. Prof. Tennant was one of 
the founders of the Geologists’ Association, of which body he was 
formerly President. He was elected a Fellow of this Society in 
1838, and was for several years a Member of the Council. Mr. 
Tennant also had charge of the large collection of minerals belonging 
to the Baroness Burdett Coutts, whose confidence he enjoyed for 
many years. 

Mr. Tennant superintended the cutting of the Koh-i-noor dia- 
mond; he was a liberal subscriber to many projects for the spread 
of education, but unobtrusively so, many of his personal friends 
only becoming aware of the extent to which he supported such 
after years had passed. 

The only works by Mr. Tennant were a Stratigraphical List of 
British Fossils, published in 1847; Catalogue of Fossils found in 
the British Isles, forming the private collection of the author, 1858 ; 
On Gems and Precious Stones, 1852 ; a Description of the Imperial 
State Crown, 1858 ; and a Descriptive Catalogue of Gems, Precious 
Stones, and Pearls bequeathed to the South Kensington Museum 
by the Rev. Chancy Hare Townshend, 1877. Prof. Tennant died 
on the 23rd February, 1881. 


Acuitte Der1Essr, was born at Metz, and received his early 
education in that town. At the age of 20 he entered the Ecole 
Polytechnique, passing out in 1839, to enter the “Corps des 
Mines.” In 1845 he was appointed to the Chair of Mineralogy and 
Geology at Besancon, and at the same time carried on the duties 
of Ingénieur des Mines. After five years he returned to Paris 
to occupy the Chair of Geology at the Sorbonne, and became In- 
spector of the Quarries of Paris, which appointment he held up to 
1864, when he received the appointment of Professor of Agriculture 
at, the Ecole des Mines. In 1878 Delesse was appointed Inspector- 
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General of Mines, and the south-eastern district of France was 
put under his charge. He was elected a Foreign Member of this 
Society in 1859. 

In the Exposition Universelle de 1855 there was a remarkable 
collection of mineral substances used as building-materials. Delesse 
was Secretary to the Jury of Class XIV.; and in the following year 
his ‘‘ Rapport sur les Matériaux de construction de Exposition 
Universelle” appeared. Of the very numerous and valuable con- 
tributions made by him to the ‘ Annales des Mines’ during the last 
thirty-nine years, one of the most important is his ‘‘ Revue des 
Progrés de Géologie,” commencing with the year 1860, of which the 
sixteenth and last part appeared in 1880. In this work he was 
assisted first by M. A. Laugel, and subsequently by M. A. de Lap- 
parent. His memoirs in the publications of the French Academy 
- of Sciences, the Geological Society of France, and other societies 
are of the greatest value, combining, as they do, the most careful 
work of the laboratory with: observations made in the field, which 
his numerous travels in France, Germany, Poland, England and 
Ireland enabled him to make. His attention was first mostly 
directed to mineralogy and the chemical composition of minerals. 
His subsequent researches on the composition, origin, and metamor- 
phism of rocks have done much for the elucidation of those subjects. 

The subterranean inundations of the northern quarter of Paris 
in 1856 caused him to examine into their origin, and, with the 
aid of MM. Beaulieu and Yvert, he produced an elaborate report 
upon them in 1861, which was followed in 1867 by his ‘ Carte 
hydrologique du Département de la Seine,’ also by his ‘ Carte hydro- 
logique de Seine-et-Marne.’ In 1871 his important work ‘ Lithologie 
des Mers de France et des Mers principales du Globe’ appeared. 

For many years he paid special attention to economic geology, 
more especially as regards agriculture, as his maps and papers tes- 
tify. Achille Delesse wrote no less than 120 papers. He was 
made a Chevalier of the Legion of Honour in 1854, and Officer in 
1876 ; and was elected a Foreign Member of our Society in 1859. 

He died on the 24th of March, 1881, having up to the very last 
continued to labour for the science to which he had devoted him- 
self. 


Sir Antonro Brapy was born at Plymouth in 1811, and was the 
eldest son of the late Mr. Anthony Brady, of Plymouth. He entered 
the Civil Service of the Navy as a junior clerk after serving In various 
offices ; and having been promoted to head quarters in the Victual- 
ling Yard, Deptford, upwards of fifty years since, he became head 
of the Coutract Office, and Registrar of Public Securities in 1854. 
He was also appointed first Superintendant of the Purchase and 
Contract Department. In 1870 he retired from the Service, and 
received the honour of knighthood. 

Sir Antonio was in the Commission of the Peace for Westminster. 
Since his retirement from public service Sir Antonio took-a leading 
part in the preservation of Epping Forest for the people, and was 
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appointed a Judge in the Verderers’ Court for the Forest of Epping. 
He was a Member of the Ray and Palzontographical Societies, and a 
Fellow of the Geological Society ; and it is as such, and the position 
he took as a geologist, that I have to speak of him. 

So long ago as 1844 his attention was drawn to the great deposits 
of brick-earth which occupy the valley of the Roding at Ilford near 
his own residence; he here commenced collecting from the Thames- 
valley brick-earths the rich series of mammalian remains for which 
they are so celebrated. Some idea may be formed of the palzonto- 
logical wealth of this deposit when we know that Sir Antonio Brady 
obtained from it in this one locality nearly 1000 specimens of mam- 
malian remains. In this area the conjunction of a northern and 
southern fauna is as remarkable as it is unique. We find asso- 
ciated Elephas, Rhinoceros, Felis, Ursus, Hippopotamus, Megaceros, 
Bison, and Bos, the Musk-ox (Ovibos moschatus) and the Lemming. 
Sir Antonio Brady’s valuable collection of Pleistocene mammalia is 
now preserved to the nation in the British Museum of Natural 
History, Cromwell Road, and helps to enrich the magnificent series 
of our national museum. In Sir Antonio Brady’s Catalogue of the 
Pleistocene mammalia from Ilford, Essex (printed for private cir- 
culation), he pays a just tribute to the genius and ability of Mr. 
Wm. Davies, F.G.S., of the British Museum, through whose instruc- 
tion and aid he was able to preserve the larger specimens in his 
collection. 

Sir Antonio Brady was elected a Fellow of the Geological Society 
in 1862. He died December 12th, 1881. 


Mr. CHARLES Moore was born at I]minster, Somersetshire, in 1814, 
and early had his attention drawn to geological studies. His 
curiosity, when a schoolboy, is said to have been first roused by 
accidentally opening one of the numerous nodules that occur in 
the Upper Lias; when split open, to his surprise he found it con- 
tained a fossil fish: the keen interest thus awakened never forsook 
him. From that time he commenced collecting and accumulating - 
specimens; and before he left his native town he had already formed 
the nucleus of the fine collection which now enriches the Bath 
Museum ; at the same time Mr. Moore made himself thoroughly ac- 
quainted with the physical and stratigraphical geology of the district. 
Mr. Moore’s residence in Bath commenced in connexion with the 
Pump-room Library; on marrying, he, with his own patrimony and 
that of his wife, found himself in a position to devote himself to his 
geological investigations and to the service of the city, in the muni- 
cipal government of which he was one of the Aldermen. 

Mr. Moore was the author of thirty papers or contributions to 
the journals of different societies: to our own he contributed six 
most valuable memoirs ; others were communicated to the Somerset- 
shire Archeological Society, the Geological Magazine, and the earlier 
Geologist. Mr. Moore’s name will probably be remembered and 
handed down chiefly through his discovery in England of the 
Rhetic beds and his subsequent researches in that formation; it 
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was from these beds—intermediate between the Trias and Lias, 
and thinly developed in this country, but largely so in the Rheetian 
Alps—that Mr. Moore discovered the occurrence in Britain of the 
oldest known mammalian genus, Microlestes (M. Moorei, Owen), 
thirty teeth of which were obtained by him from a fissure in 
the Carboniferous Limestone at Holwell, near Frome. The same 
genus had occurred to Plieninger from the Rheetic beds of Dieger- 
loch, Wurttemberg. From the same deposit Mr. Moore obtained 
evidence of nine genera of reptiles and fifteen genera of fish, 
many new to this country. SBesides this, his life-long labours are 
to be seen in the collection at the Museum of the Bath Insti- 
tution, the contents of which were obtained and arranged by 
him with the same knowledge and patience that had characterized 
his life. 

Few but those who knew Mr. Charles Moore were aware of his 
unwearied and patient devotion to his favourite study; and he 
was not more ready in acquiring knowledge than in imparting it to 
others. He was a faithful servant to science and public duty, 
possessed indomitable energy, and was a perseveringly hard worker 
to the last, notwithstanding his long and wasting illness. | 

Mr. Moore was elected a Fellow of the Geological Society in 1854, 
and died on December 8th, 1881. 


Fort-Major Tuomas Austin, who had also been a Fellow of the 
Society since 1854, died on the 11th March, 1881, in his 87th year. 
In his younger days he saw some active military service on the con- 
tinent, under the command of Lord Lynedoch, who had occasion to 
speak highly of his courage and conduct, especially in connexion with 
an attack upon the village of Merxem, where he is said to have saved 
the life of the Duke of Clarence, and where he certainly received 
three wounds, one of which cost him the loss of his leg, and caused 
him to retire from active service. He took up his abode in Bristol, 
where he continued to reside until the time of his death. 

Thomas Austin was a man of considerable powers and attain- 
ments, and he devoted much of his attention to various depart- 
ments of science, especially Natural History. In the early days of 
the museum at the old Philosophical Institution in Bristol, he 
greatly assisted the regular Curators in the arrangement of its 
contents; he also delivered several lectures to the Members of that 
Institution on different scientific subjects. His contributions to 
scientific periodicals included papers on British birds, and on dif- 
ferent geological subjects, such as rock-basins, sand dunes in various 
localities, raised beaches, &c.; they appeared chiefly in the ‘ Annals 
of Natural History’ and in the ‘ Bristol Naturalist.’ To our own 
publications he contributed several papers relating to the Geology of 
the shores of Waterford Haven (1839 and 1841), to Earthquake 
Shocks experienced in England in 1852 and 1863, and to the Cys- 
tidea and Crinoidea, published in 1848. His attention had been 
earlier directed to the Echinodermata, and especially to the Crinoidea, 
upon which he published several papers in the ‘ Annals of Natural 
History,’ between 1842 and 1851; and in 1844 he commenced, with 
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the cooperation of his son, Thomas Austin, jun., the publication of 
a ‘Monograph on Recent and Fossil Crinoidea,’ which was originally 
intended to extend to 20 numbers, with 40 quarto plates, but of 
which only 8 parts actually appeared. The last number was published 
in 1847. This work contains careful descriptions and good litho- 
graphed figures of a great number of species of fossil Crinoids, many 
of them new, belonging to the families Platycrinide and Penta- 
erinide. It also includes a description and plate of the recent 
Pentacrinus caput-Meduse. 


Mr. Hunyry Macravcutan. The Society has lost one of its veteran 
Fellows in the person of Henry Maclauchlan, who was born in 
1791, and died January 4th, 1881, in his 90th year. Maclauchlan 
was elected a Fellow in 1832; consequently he has been connected 
with our Society for fifty years. In the year 1830 he was employed 
on the Ordnance Trigonometrical Survey; and during the Survey of 
the Forest of Dean in 1833 he wrote a very able description of the 
geology of that intricate area, entitled “‘ Notes to accompany a 
Geological Map of the Forest of Dean Coalfield.” This communica- 
tion appeared in the ‘ Transactions’ of the Geological Society, vol. v. 
part 1 (2nd series), accompanied by a most valuable geological 
map, probably one of the best ever constructed of the Forest 
Maclauchlan was associated with Buckland and Conybeare, Mr. David 
Mushet, and Charles Bathurst, Esq., of Sydney Park. 

The Old Red Sandstone and succeeding strata are carefully de- 
scribed in this memoir. JBesides the above he contributed notes on 
some fossils collected by himself and Mr. H. Still, F.G.S., during 
the progress of the Ordnance Survey in» Pembrokeshire in 1841, 
which were published in the ‘ Transactions’ of the Society, vol. vi. 
1842, pp. 557-560. 

Mr. Maclauchlan has lived a very retired life for many years; he 
was a most able and efficient officer in the service to which he was 
attached. 


‘Mr. Samurn Sarr, was born at Romsey, in Hampshire, on July 
18th, 1814. He received his early education at a private school in 
Southsea; but, owing to his father’s death while he was still a 
boy, he removed with his family to Stamford in Lincolnshire. Mr. 
Sharp’s stepfather was the proprietor and editor of the Stamford 
Mercury, the oldest and most widely circulated newspaper in the 
Midland counties; and for some years Mr. Sharp assisted him in 
managing and editing this journal. From a very early age he had 
shown w taste for the study of science, astronomy and chemistry 
being his favourite subjects ; and his attention appears to have been 
directed to geology by a lecture delivered at Stamford by Mr. G. F. 
Richardson. Subsequently he had the advantage of studying the 
Oolitic districts around his home with Professor Morris and other 
geologists, and gradually accumulated a large and valuable collection — 
of fossils. In 1857 Mr. Sharp removed from Stamford and went to 
live in the neighbourhood of Northampton. There he continued to 
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collect largely from the Jurassic rocks ; and his work was facilitated 
by the excavations then being carried on in all directions for the 
purpose of raising the valuable iron-ore of the Northampton Sand. 
The general results of his observations on the district in which he 
lived were communicated to this Society in two valuable memoirs, 
which are published in our Journal. 

Mr. Sharp was not only distinguished as a geologist, but his 
knowledge of numismatics and of local antiquities was very great ; 
and for many years before his death he was recognized as one 
of the best authorities upon these subjects in the district where 
he lived. During thirty years he succeeded in bringing together 
an unrivalled collection illustrating the productions of the famous 
Stamford Mint; his valuable memoir on these interesting coins, 
with its several supplements, was published by the Numismatic 
Society, and constitutes the best authority on the subject; indeed, 
as an archeologist, Mr. Sharp was widely known, and on all ques- 
tions of local antiquities he was one of the best authorities in the 
Midland district. He laboured energetically to found a good pro- 
vincial museum in the town of Northampton, and placed therein 
valuable contributions from his own large geological and archzolo- 
gical collections. Mr. Sharp was one of the most genial and hos- 
pitable of men, and was never happier than when contributing to 
the instruction and pleasure of others from the stores of knowledge 
which he had gradually acquired concerning the geology and anti- 
quities of his adopted county. During his later years Mr. Sharp 
was precluded from active exertion in the field by feebleness and 
ill-health ; but to the end he took a lively interest in the advance of 
our science. Mr. Sharp was a Fellow of the Geological and Numis- 
matic Societies, as well as of the Society of Antiquaries. He died 
on the 28th of January, 1882, in his 68th year. 


Mr. Rozserrt Mater, born in Dublin on June the 3rd, 1810, 
commenced his education at Bective-House School in Dublin, and 
at the age of 16, in December 1826, went to Trinity College, 
Dublin, where at the end of four years he took his B.A. degree. 
After this he spent much time in his father’s works, visiting 
engineering establishments in England at every opportunity. 

In 1832 Mr. Mallet was elected member of the Royal Irish Aca- 
demy, the ‘Transactions’ of which he subsequently enriched by 
several important papers. 

Robert Mallet is chiefly known to science as a civil engineer of 
ereat eminence, and also, from his geological and physical researches, 
as the author of most important matter upon earthquake pheno- 
mena, contributed in the form of reports to the British Association. 
His great Earthquake Catalogue, prepared for that body by himself 
and his son, was completed in 1858: it is a lasting monument of 
labour and research. 

His first paper on earthquake phenomena appeared in the 
‘ Philosophical Magazine’ for 1846, in which he gave an account 
and explanation of the vertical motion believed or supposed to 
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accompany earthquake shocks. This was followed in 1847 by 
another report to the British Association on the “ Facts of Earthquake 
Phenomena.” His first paper dealing systematically with earth- 
quakes, and in which he propounded his dynamic theory of earth- 
quakes, reducing their observed phenomena to the known laws 
of wave-motion in solids and fluids, appeared in the ‘ Transactions 
of the Royal Irish Academy’ in 1848. 

In 1850 Mallet was engaged on the experimental determination 
of the limits of transit-rate of propagation of waves of impulse, 
similar to those of earthquakes, through solid substances. His re- 
sults are recorded in the fifth volume of the Trans. of the Royal 
Irish Academy, and also in his Second Report on the facts of 
earthquakes to the British Association. The velocities of trans- 
mission were determined in wet sand, discontinuous granite, and 
more solid granite respectively, on Killiney Strand and Dalkey 
Island. 

The mean velocities obtained were :— 


Pamper aad PS 88 SO. 2: 824-9 ft. per second. 
In discontinuous granite .... 1306-4 i 
in Golid’ granite... 20.0.0... 1664:57 eS 


In 1860 Mr. Mallet carried out a series of exhaustive experiments 
on the same subject ; and in the following year (1861) he communi- 
cated to the Royal Society full detailed results of his investigations, 
which were conducted and carried on at Holyhead during the progress 
of extensive quarrying for materials for the construction of Holy- 
head Harbour. Enormous blasts were fired for this purpose, and 
the effects measured by means of specially constructed seismometers, 
and an arrangement of time-recorders started and stopped by elec- 
tricity ; the rate of wave-transmission was obtained from meta- 
morphic quartz rock and slate. 

From 1852 to 1858, in conjunction with his son, Mr. Mallet was 
engaged in the preparation of his great Earthquake Catalogue and 
Seismic Map. 

In 1857 he published (in two volumes) his work on the “ Great 
Neapolitan Earthquake ” of that year, and also communicated to the 
British Association his Report on the Survey and Determination of 
the Depth of the Focus of Impulse and the Direction of Transmis- 
sion of the Elastic Wave. 

In 1859 he was elected Fellow of our Society; and in 1864 the 
honorary degree of LL.D., Trinity College, Dublin, was conferred 
upon him. 

In 1862 Mr. Mallet published his ‘ First Principles of Observa- 
tional Seismology,’ a development or extension ofthe article “ Earth- 
quake Phenomena” which appeared in the Admiralty Manual of 
Scientific Inquiry. One of the finest contributions to the Physical 
Geology of Volcanoes, and their relations to Earthquakes and Moun- 
tain-structure, was read before the Royal Society in 1872, and. ap- 
peared in 1873. This paper is entitled ‘‘ Volcanic Energy, an attempt 
to develope its true origin and cosmical relations.” Mr. Mallet dis- 
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claims originality for that part which deals with the elevation of 
mountain-chains by tangential or lateral pressures, these views 
having been enunciated by Constant Prevost forty years previously. 

Mallet’s theory was that the heat from which terrestrial volcanic 
energy is at present derived, is produced locally within the solid 
shell of our globe by a transformation of the mechanical work of 
compression, or of crushings of portions of that shell, which are 
themselves produced by the more rapid contraction by cooling of 
the hotter material of the nucleus beneath the shell. He was the 
first to show that there exist all the necessary conditions for the 
production of volcanic heat and energy by the transformation of 
work into heat, in the work arising chiefly from the descent of the 
crust of the earth as a terraqueous cooling planet, colligating or 
binding together the phenomena of deformation of the earth as a 
spheroid of mountain-elevation and surface-depression, including 
faults and fissures of hypogeal or deep-seated origin, and of vulca- 
nicity, including volcanoes and earthquakes. All these he brought 
together into one category of origin as the results of the same 
cosmical mechanism, the energy of which has decayed and is decay- 
ing as the world grows older and loses heat, more and more slowly 
as compared with the rate at which it lost it when a molten sphe- 
roid with a thin but ever thickening crust *. 

This paper has done more to illustrate the application of thermo- 
dynamics in geology, and the necessity for a thorough mechanical 
and physical education to complete that of a physical geologist, than 
any other yet published. 

Robert Mallet contributed no less than eighty-one papers to 
various learned societies between the years 1838 and 1880; five 
occur in our Journal. 

Mr. Robert Mallet was elected a Fellow of the Royal Society in 
1854; and he received the Wollaston Medal in 1877. 


Ami Bovf, was born at Hamburg, March 16, 1794. He re- 
ceived his early education partly in his native city, and partly in 
Geneva and Paris. In 1814 he proceeded to Edinburgh, and entered 
as a Student in that University, having chosen the medical pro- 
fession. The Chair of Natural History and Geology was held at 
that time by Prof. Robert Jameson. After every lecture one hour 
was always devoted to a practical demonstration by the Professor 
on the specimens which had been treated of ; and frequent excur- 
sions were made by him with his students to the most instructive 
localities near Edinburgh and in Fifeshire, to study the rocks in situ. 
Under him Boué became well versed in the geology and mineralogy 
of that date. During his residence at Edinburgh he made geolo- 
gical visits to various parts of Scotland and the Hebrides, the results 
of which he published in 1820 at Paris. In August of 1817 he 
received his diploma as Doctor of Medicine. 

* See Palmieri, ‘The Eruption of Vesuvius in 1872; with Notice and Intro- 


ductory Sketch of the present State of Knowledge of Terrestrial Vulvanicity, by 
Robert Mallet.’ 8vo. London, 1873. 
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From 1817 to 1835 he mostly resided at Paris, and during that. 
time made many long excursions through France, Germany, Austria, 
Hungary, Italy, &c., and for a short time resided in Switzerland. 
When travelling in South Transylvania in 1824 he was nearly 
‘killed by his servants, they having put poison in his chocolate one 
morning. When he became very ill they left him at an isolated 
inn on the Hungarian frontier, departing with his horses, carriage, 
and other effects. 

In 1829 he was elected a Foreign Member of this Society. 

He was present at the revolution in Paris of July 1830; but on 
the breaking out of the cholera in 1833, he returned to Austria. 

With the help of MM. Jobert and Rozet, in the years 1830-31 
he published the three volumes of the ‘ Journal de Géologie.” In 
1832 his ‘ Mémoires géologiques et paléontologiques’ appeared ; and 
in 1836 his ‘ Guide du Geologue voyageur,’ in two volumes. 

During the years 1836, ’37,’38 he made three journeys into Tur- 
key, publishing the results in four volumes (at Paris) in 1840; and 
in the same year he published his ‘ Esquisse géologique de la Turquie 
d’ Europe.’ 

In 1841 he became a citizen of Vienna and an Austrian, and was 
present during the revolution in that city of March 1848. 

In 1847 the Council of this Society awarded him the Wollaston 
Palladium Medal for the zeal, intelligence, and perseverance with 
which he devoted himself to geological inquiries, both in the field 
and in the study, during thirty years, for his valuable and original 
investigations in Scotland, the South of France, the mountain 
regions of Bavaria, Wirttemberg, Switzerland, Austria, Hungary, 
and Transylvania, and for his scientific researches in European 
Turkey. 

Soon after Boué left Edinburgh he published his ‘ Essai Géolo- 
gique sur l’Ecosse.’ He had the merit of being one of the first to 
point out to continental geologists the unsoundness of the Wernerian 
hypothesis ; he was the first to maintain that the Muschelkalk and 
Quadersandstein of Germany were not identical with any English 
formations. Boué became a Member of the Imperial Academy of 
Sciences in Vienna in 1849, and was one of the founders of the 
Geological Society of France in 1830; he was Vice-President in 
1834, and in 1835 he was elected President. 

Boué has written over 200 papers and works in his own and 
other Journals and Transactions ; five of his papers were published 
in the Quarterly Journal of our Society. In 1856 a short abstract 
appeared in our Journal (p. 325) from a paper by him, “On the 
probable Origin of the English Channel by means of a Fissure,” 
in which he pointed out that it was highly probable that the English 
Channel has not been excavated solely by water-action, but owed 
its origin to one of the lines of disturbance which has fissured this 
portion of the earth’s crust; and, taking this view of the case, the 
fissure probably still exists, being merely filled with comparatively 
loose material, and would prove a serious obstacle to any attempt 
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to drive a submarine tunnel across the Straits of Dover, which would 
have to traverse it. 

Among the many eminent mineralogists and geologists with whom 
it was his fortune to associate are the names of Haiiy, De la Fosse, 
Gustav Rose, Naumann, Jameson, Leonard Horner, Buckland, 
Conybeare, De la Beche, Murchison, Lyell, Elie de Beaumont, 
‘Dufresnoy, &e. 

Enough has been given to show that we have lost another of the 
great pioneers whose whole life was devoted to the science of 
geology, working out the outlines of large areas of geological forma- 
tions without the aid of railway transport and sections. 

Ami Boué died at Vienna on the 21st of November, 1881, in his 
89th year; and we have to regret the loss of one of our oldest 
Foreign Members. 


Mr. Epwarp Writt1am Bryyry was born at Morton in Somerset- 
shire, in 1812. . 

He was articled to a Solicitor in Chesterfield, and, after spending 
some time in Lcndon, settled in Manchester in 1836, residing 
chiefly at Cheetham Hill. 

Mr. Binney soon retired from legal practice, having had no special 
love for the law. About two years after he took up his residence in 
Manchester, he, with a few other scientific friends, founded the 
Manchester Geological Society, the beginning of which was the 
work of Mr. Heywood—the late Lord Francis Egerton, M.P., being 
the first President, and Mr. Binney one of the first secretaries. 

Mr. Binney commenced the collection (afterwards known as the 


Museum of that Society) which was subsequently transferred to 


the Natural-History Museum, and thence to Owens College. 

In 1857 Mr. Binney was President of the Manchester Geological 
Society, and again in 1865. He was also successively Secretary, 
Vice-President, and President of the Literary and Philosophical 
Society of Manchester; the Jast-mentioned office, which has been 
filled for nearly a hundred years by men of eminence, he occupied 
at the time of his death. His interest in this Society never flagged ; 
and he contributed no less than sixty-one papers to their Trans- 
actions. 

Mr. Binney was elected a Fellow of our Society in 1853, and of 
the Royal Society in 1856. As a geologist, especially of the coal 
counties, Mr. Binney stood preeminent; he took great delight in 
encouraging the study of nature among the working classes, spend- 
ing much of his time with them, and also taking geological ex- 
cursions with them. 

His industry is evidenced by the number of his scientific papers 
and notes, of which nearly 100 have been published. Ten of them 
appear in our own Journal. To the Paleontographical Society, of 
which he was Vice-President, he contributed a monograph on the 
Structure of Fossil-plants found in the Carboniferous Strata. 

Mr. Binney was seized with paralysis whilst in a small boat 
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leaving the Isle of Man to join the steamer, which then conveyed 
him to Liverpool; he was taken to his own house at Cheetham 
Hill, Manchester, where he lingered for some time, and died on the 
19th December last. 

Mr. Binney was a keen observer of external nature, and possessed 
powers of observation of no ordinary kind. He was well read in 
science, appreciating every discovery, although pretending to ori- 
ginality only in his own department. He was a man of the highest 
honour, and remarkably outspoken, his sturdiness and strength of 
character being rarely equalled. 

Probably few men in his district or time did more to further our 
knowledge of the Upper Carboniferous and Permian rocks; his 
reports and contributions to the Royal and Geological Societies, the 
Manchester Geological Society, the Manchester Literary and Philo- 
sophical Society, ‘and the Annals of Philosophy, &c., teem with 
valuable information, 

Mr. Binney’s name will ever be remembered and associated with 
that of Mr. James Young, whose case he greatly assisted by his 
geological knowledge and inquiries in the great trial concerning the 
_ Torbane-hill Coal and Oil question. 


On THE ANALYSIS AND DIsrRIBUTION OF THE Bririsu JURASSIC 
Fossl1s. 


§ 1. Lyrropvcrion. 


Tur Secondary strata of the British Islands have received much 
critical attention during the past twenty years, as also have both 
the Jurassic and Cretaceous rocks of Europe. In this country 
numerous monographs upon the various groups have appeared, 
which have exhaustively dealt with them both zoologically and 
stratigraphically, in the ‘ Journal’ of our Society, the ‘ Geological 
Magazine, the ‘Journal’ of the Geologists’ Association, and the 
volumes of the Palzontographical Society. Many valuable papers 
also have emanated from local field-clubs and natural-history 
societies. 

Since the year 1860 no less han 113 papers have appeared in 
the ‘Quarterly Journal of the Geological Society’ devoted to 
Jurassic geology and paleontology alone. The volumes of the 
Paleontographical Society have issued 6 complete monographs of 
Jurassic groups. This great work has done more to advance British 
paleontology and has afforded us more complete knowledge of 
British species than any other publication. Its long and highly-prized 
career has given rise-to a similar Society in Switzerland*; and 
several valuable monographs have already appeared in its volumes. 
It is hoped that every support possible will be given to this first 


* Mémoires de la Société Paléontologique Suisse. 
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attempt on the continent to describe its fauna and flora on an ex- 
tensive scale. 

It may appear invidious to mention, amongst the numerous and 
valuable communications to the ‘ Quarterly Journal’ of our Society, 
any special paperson Jurassic geology that have had marked 
influence upon the progress of this division of geology and palwon- 
tology during the past twenty years. In doing so, however, I 
regard them as having influenced and furthered the progress of 
exact knowledge in no small degree. It is through such detailed 
research and minute investigation that paleontology has taken its 
high stand amongst the natural sciences. <A critical acquaintance 
with species is now essential to'rightly correlate both the Jurassic, 
Cretaceous, and Cainozoic deposits of the British islands with those 
of the continent; and at no time during the past twenty years 
has so much been expected from students of Secondary and Tertiary 
paleontology. 

It is my intention therefore to broadly trace the history and 
development of Jurassic geology and paleontology during the past 
twenty years, and bring down to the present time the elaborate 
details that have accumulated. Ido so upon the plan of my last 
year’s Address, believing that in doing so I convey to the Fellows 
of our Society that kind of analysis which may be useful, the 
materials for which I have long possessed and have now worked up 
for my present Address. 

The correlation and identification of rocks widely separated, even 
in the British islands, is attended with no small difficulty, unless 
the specific contents of the strata are clearly understood, and the 
more minute particulars upon which identification is based are care- 
fully detailed. This is at once manifest in attempting to deter- 
mine the history and relations of the Lias of the south coast of 
England at Lyme Regis with that of the Yorkshire coast, where the 
physical characters and aspect of the whole stratigraphical series 
entirely differ. 

In 1860 Dr. Wright prepared an important paper upon “ The 
subdivisions of the Inferior Oolite in the south of England com- 
pared with the equivalent beds of that formation on the York- 
shire coast” *. None but an accomplished paleontologist could 
have attempted this with any chance of success, the physical differ- 
ences being so extreme even over so small an area. The marine beds 
interstratified with the largely developed Estuarine series enable us, 
through the three Ammonite-zones, typically developed in the south 
and middle of England (Cheltenham area &c.), to read correctly the 
more obscure and abnormal conditions of the Lower Jurassic rocks 
north of the Humber, which, compared amongst themselves, have 
little or no value in stratigraphical geology. The more correct 
reading of the Jurassic fragments on the western and eastern sides 
of Scotland, through the careful investigations of Prof. Judd, has 
led to their being correlated by that geologist with almost every 
division of the Jurassic system. Probably no work done in modern 

* Quart. Journ. Geol. Soc. vol. xvi. p. 1 (1860). . 
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times has thrown more light upon the life-history and geographical 
distribution and extension of the Jurassic rocks than the labours of 
Mr. Judd among the western isles and on the west coast of Scotland 
in 1872 and 1877. 


§ 2. THE present Aspect or JURASSIC GroLoeyY. 


In 1870, Part I. of a memoir appeared in the ‘ Quart. Journ. of 
the Geol. Soc.’ upon “The Oolites of Northamptonshire,” by Mr. 
S. Sharp, F.G.S8. Few counties in Mid-England offer such advan- 
tages for the study of the Jurassic rocks. Hence the two parts of 
Mr. Sharp’s memoir (really two memoirs) have added largely to the 
literature of geological science, standing, as the area does, midway 
between Oxfordshire and Yorkshire, on the line of strike of the 
Lower Jurassic rocks, and in the probable centre of many physical 
changes. 

Mr. Sharp recognized five chief divisions in the Oolites of North- 
amptonshire, three in the Lower and two in the Upper, the whole 
five having a thickness of about 130 feet; the lower members em- 
brace the “ Northampton Sand” or Inferior Oolite, and together 
contain 81 genera and 238 species. 

The several areas are carefully described. They are:—I. Kings- 
thorpe; II. Northampton ; III. Duston; and, IV. Blisworth. De- 
tailed sections are given of the physical features of each area. 
The Ironstone-beds of the Northampton Sands are doubtless upon 
the same horizon as the Dogger in Yorkshire, the ferruginous 
beds of Glaizedale, and the Ironstones of the “ ridge” in Lincoln- 
shire. Full evidence has not occurred to show that they can be 
identified with the Upper Liassic Sand of the Gloucestershire Cot- 
teswolds. The Great-Oolite fauna of Kingsthorpe, Duston, and 
Blisworth is remarkable for its richness in bivalve Mollusca; for 
out of the total of 72 genera and 195 species in all classes, 40 genera 
and 125 species belong to that group. Only six species of Brachio- 
poda are known—two Lhynchonelle, and four Terebratule. The 
Ammonitide are represented by two species—<A. gracilis and a 
small form; and these, with a doubtful Belemnite, and three 
Nautili, or six species in all, represent the Cephalopoda. The 
Echinoidea possess eleven species. The six genera occurring at 
Kingsthorpe and Blisworth are Acrosalenia, Hemicidaris, Clypeus, 
Echinobrissus and Holectypus. Two Pentacrini are doubtful forms. 
Hybodus, Lepidotus, Pholidophorus, Pycnodus (P. Bucklandi), and 
Strophodus magnus and S. subreticulatus are all the fishes known. 
These 72 genera and 195 species are distributed through the three 
areas in the following proportions :— 


Kingsthorpe ...... 158 species, 
TO EGON: ot eine es: © ‘5 ae 
US WOT «sie > vin ae OG 


showing that many are common to the three areas, as would be ex- 
pected ; this is especially the case with the Lamellibranchiata. 
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The 11 genera and 30 species of Gasteropoda are nearly all con- 
fined to the Kingsthorpe area; only 7 of the 30 occur at Duston or 
Blisworth. <Anabacia orbulites and Cladophyllia Babeana are all the 
corals known. 

Neither the fauna nor the true position of the Northampton Sand 
were understood until Mr. Sharp so ably worked out the Northamp- 
tonshire beds, and showed their relation to those of Oxfordshire, 
the age of which was a matter of much doubt stratigraphically. 
The fine collection made by Mr. Sharp settled that point, and led 
to the reconsideration and reconstruction of that part of the Geolo- 
gical Survey Maps bearing upon the lateral extension and vertical 
thickness of these beds. 

The fauna of the Northampton Sands of Northamptonshire is 
larger than that of the Great Oolite, the genera being 81 and the 
species 238. Zoologically grouped, they are as follows :— 


Reptilia i Wet. 0 0 2 genera and 2 species. 
Ammonites ........ HN ‘3 La 
Nawtalie< iis iss 1 > Bee oa 
Belemnites ........ ib ” 6», 
Gasteropoda a... - 16 sg 0. 
Dimiyariay: :. . Abs 24 ee bo ee 
Monomyaria....... 13 na 62 ee 
Brachiopoda....... 2 en ie 
Atamelida,. «+... Beier 1. J ee 
Hichimoides. ... ... sans 10 ¥e 12 
Oriistat een: x45 0s. 1 a aa: 
Aptinan0n.t5 ...). Sex 6 i Si aes 
Amorphozoa....... 1 bs 7h eee 
IRR V OSD dE sedis 3. ape 1 me Dy aioe 
Lami tee be Bh aint pawiogs 1 <i Fis, (tae 
81 238 


The Molluscan fauna prevails, showing its moderately deep- 
sea character. 37 genera and 141 species of the Lamellibranchiata, 
and 16 genera and 30 species of Gasteropoda, 12 species of Ammo- 
nites and 4 Nwutili, with 10 genera and 12 species of Echinoidea, 
nearly complete the whole fauna. Mr. Sharp gives five localities 
for the distribution of the Northampton-sand species :— 


1. Kingsthorpe. 

2. Northampton. 

3. Duston Old Pit. 

4, Duston Ironstone Pit. 
5. Blisworth and Gayton. 


In 1873, and in the ‘ Quart. Journal of the Geol. Soc.’, appeared 
Mr. Sharp’s second paper upon the Oolites of Northampton- 
shire, in which he treats of the extensive group of rocks of 
Inferior Oolite age, termed the Lincolnshire Limestone, or ‘ Great 
Limestone of the Inferior Oolite.” Mr. Sharp established the con- 
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tinuity of these beds beyond Stamford; and they are now determined 
beyond or north of the Humber. The author also describes the 
interposition, detected by Prof. Judd, of the Lower and Upper 
Estuarine series, a matter of high moment in the history of the 
Northamptonshire Oolites. The Lower belongs to the Inferior 
Oolite, and the Upper to the Great Oolite. Near Northampton 
these two freshwater or Estuarine series come together. In 
Oxfordshire the Upper Estuarine series is traceable up to the 
*“‘Stonesfield Slate ;” and the great difficulty experienced in sepa- 
rating the two Estuarines in Oxfordshire arose from the fact that the 
Northampton Sand was considered equivalent to the Stonesfield Slate. 
We must remember that formerly few of the fossils composing 
the large fauna of the Northampton Sand were known; it was 
through the labour of Mr. Sharp, and the inferences drawn from 
his splendid collection, that this long-pending question was settled, 
and the relations of the Northampton-Sand beds, the Collyweston 
Slate and Stonesfield Slate, and Lincolnshire Limestone to each other 
were determined; and this was a great step towards the true classi- 
fication of the Lower Oolites of England. Prior to this it was 
believed that the Great-Oolite Limestone of the tableland of the 
Northampton district was identical with the Limestones which 
occur between Kettering and Stamford, extending on through Rut- 
land and Lincolnshire into South Yorkshire (Cave district); also that 
this Limestone belonged to the Great Oolite; and that the Calcareo- 
arenaceous Slate of Collyweston and Kaston, which immediately wn- 
derlies this Limestone, was the equivalent of the Stonesfield Slate 
of Oxfordshire. This Limestone has been distinctly shown, on 
stratigraphical as well as on palwontological grounds, to be of 
Inferior Oolite age; and the Collyweston Slates, previously classed 
with the Stonesfield beds, are now relegated to their true place 
beneath the Inferior-Oolite or Lincolnshire Limestone. Lithologi- 
cally the two beds are doubtless alike; but the disstmilar fossil con- 
tents of the two sumilar beds remove all doubt as to age. Sections 
and well-sustained arguments and views by Mr. Sharp constitute 
the first part of his second paper. The succession established by 
him was as follows :— 


Great Oolite Limestone. 

. Upper Estuarine series. 

. Lincolnshire Limestone. 

. Lower Estuarine series, | Northampton 
. Ferruginous beds, } Sand. 

. Upper Lias Clay. 


Oo DH 


Everywhere, when exposed, this is the succession. No less than 
twenty carefully prepared lists of fossils accompany Mr. Sharp’s 
memoir of 1873, each illustrating detailed sections. The presence of 
certain fossils, and also of groups of fossils geographically distributed, 
enables us to correlate the Lower Oolites, under various lithological 
conditions, over extended areas. ‘The fauna of the Lincolnshire 
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Limestone in eleven localities is expressed in the following analysis, 
showing the occurrences :— 


NEGROES ge wc ku ea sok te 21 genera and 31 species, 
Ce la aie alee rama rege eer Ba 22 18 “2 2Oe jee 
DeHEOH ae Seer ees sx ae eee 26 o A re 
GHG On. gee. ao. a oe ee ek 22 at PAS a 
Timigher’s°Q Ae ns ce ae = ein = 44 . ol hake 
Beds above slates.............. uN] Hs > a 
ERGO I eo ee so acne Ros 54 o BBS Be ais 
Freestone bed, Simpson’s quarry.. 13 a Lee 
South of the Nene ............ 45 ie BY ee, 
Parmer ae i. 5p ia ces 57 = 138: ~ 
Dhamerord StQRe. Mee... se ap oe be 37 SO oe 
356 720 


Adding the Collyweston Slates which occur immediately below the 
true Lincolnshire Limestones, and which contain 25 genera and 55 
species, the assumed faunal occurrences—allowing for discrepancies— 
are 381 genera and 775 species, which have been registered chiefly 
through the researches of Mr. 8. Sharp, then of Dallington Hall, 
near Northampton. ‘To show the paucity of species in certain classes 
and their abundance in others, I have constructed the following 
Table (I.), showing their distribution over the same geographical 
area above-mentioned. It clearly exhibits the faunal value of the 
Lincolnshire Limestone; and if a similar Table could be compiled 
for the Jurassic rocks of the Midland counties, and compared with 
those of the north and south, it would probably throw much light 
upon the physical history of the Jurassic rocks for the north and 
south and middle of England. 


ie Ce aes Se SS OSS Se Sew SS 


7 a ee a 


Taste I.—Distribution of the Genera and Species in the Lincolnshire Limestone of Northamptonshire. 
(Chief localities.) 
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The small area under consideration shows that the accumulation 
of the Northamptonshire and Lincolnshire Oolites took place in 
shallow water, and during slow elevation, probably local. Only four 
species of Ammonites are known, A. Murchisone, A. subradiatus, 
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A, Blagdeni, and an undescribed form from Duston. Nautilus is 
represented by two species only, IV. obesus and NV. polygonalis: the 
Crustacea by only two species; the Asteriodea only by Astro- 
pecten cottswoldie, var. stamfordensis. On the other hand, the Mol- 
lusca proper, in all three groups, show a large fauna; the species of 
Gasteropoda obtained from the Barnack Rag, number 66, and illus- 
trate 17 genera; from the well-known cutting at Ponton, 20 genera 
and 64 species are recorded. The Gasteropoda through the ten 
localities number 75 genera and 218 species; the Lamellibran- 
chiata Monomyaria 63 genera and 136 species; the Dimyaria 
112 genera and 211 species. The Brachiopoda have little specific 
value; in no instance have more than 8 species occurred in one 
locality. The Echinoidea and the Ccelenterata (Corals) are equally 
balanced. The remaining classes have no value numerically. The 
Collyweston species and those of the Lower Estuarine beds still re- 
quire critical attention, as also the conditions of their deposition. 
The slates of Collyweston succeed the Lower Estuarine group; the 
twelve or fourteen recognized beds hold weil-defined species, amongst 
them being Natica concta (N. leckhamptonensis), Unicardium im- 
pressum, Cardium Buckmani, the highly characteristic Pterocera 
Bentleyi, Trigonia compta, Homomya unioniformis, Astropecten 
cottswoldie, var. stamfordensis. Pecopteris polypodioides, with its 
fronds in fructification, is abundant in the uppermost beds. The 
fauna of this deposit differs essentially from that of the Stonesfield 
Slate, with which it was for years confounded. Neither the plants, 
the Z’rigone, nor the Plerocera &c. are to be confounded with the 
slates that underlie the Great Oolite of the Cotteswold and Oxford- 
shire, which contain remains of marsupials in addition to a large in- 
vertebrate fauna. All the localities named in the table prepared, and 
many others, are detailed by Mr. Sharp in his paper. Equally im- 
portant and critical work was done in 1870 throughout Northamp- 
tonshire in the Great Oolite, Upper Estuarine, and higher members 
of the Lower Oolite. The valuable tables of the distribution of the 
Great Oolite fossils on pp. 382-385 of the ‘ Quart. Journ. Geol. Soc.’ 
for 1870, embracing the three chief localities within the Northamp- 
tonshire area, I have, with the addition of three other localities 
(Essendine, Belmesthorpe, and Stilton), readjusted into a generic and 
specific analysis (Table II.), which shows the number of both genera 
and species in each of the six localities; thus the Great Oolite of 
Kingsthorpe, Duston, Blisworth, Essendine, Belmesthorpe, and Stil- 
ton is summarized, the fauna of each locality being given. Their 
numerical values are as follows, expressed in the same formula as in 
the table:— Kingsthorpe ,°9, Duston $$ Blsworth ,*4°,, Essen- 
dine 73  Belmesthorpe 7? and Stilton 7. 
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Taste IT., showing the Distribution of the Great-Oolite Fauna of 
Northamptonshire through the following sia localities. 
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I have also appended a Table (II1.) showing the relation between 
the Great Oolite of Northamptonshire and Lincolnshire (through the 
Stamford beds) to the Inferior Oolite or Lincolnshire Limestone and 
Northampton Sands of the same age, the third column showing the 
number common to the two groups, which appears to be 72, or 50 per 
cent. of the species of the Stamford Great Oolite. It is only through 
the Lamellibranchs that the Northampton Sands are allied, 36 of 
the 45 belonging to that group. 

72 Lincolnshire Limestone or Inferior Oolite species are common 
to the Great Oolite (47 occur in the Northampton Sands, and 43 are 
common to the three divisions). 
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TaBLeE III., showing the Relation of the Great Oolite of Northampton- 
shire and Lincolnshire to the Lincolnshire Limestone and North- 
ampton Sands. 
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Mammalia (none). 
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In January 1873 Prof. Judd communicated to the Society his first 
paper ‘‘ On the Secondary Rocks of Scotland.” 

The author, in his introduction, commenced with a description of 
the general characters of the Jurassic strata of Scotland, followed by 
that of the Cretaceous series, and finally of the Triassic. The object 
of Mr. Judd’s memoir was to give the results of a careful study of the 
small patches of Secondary rocks which occur in Scotland, and 
to show how far the history of the Mesozoic period within that 


area can be reconstructed from them. The author divides the sub- 


ject into three sections :—1. The Secondary Strata of the Eastern 
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Coast of Scotland. 2. The Secondary Strata of the Western Coast 
and Islands of Scotland. 3. A general Comparison of the Scottish Me- 
sozoic Strata with their Equivalents in England and on the Continent. 
Nothing perhaps can be more strikingly different than the condi- 
tion of the Jurassic deposits in Scotland and in the typical districts 
in the south and middle of England. In the south the entire series 
of the Jurassic rocks, from the lowest Lias to the top of the Upper 
Oolite, contains strata which have been deposited under various con- 
ditions, yet of undoubted marine origin—depth of water, distance 
from shore, and nature of sediment being all elements indicated by 
their present physical aspects. In England, estuarine conditions 
seem first to have commenced in the Rhetic at the close of the 
deposition of the Triassic rocks. In the midiand district the 
Jurassic series, especially amidst its lower members, exhibits many 
intercalated beds possessing undoubted estuarine characters, and 
although insignificant in known ewtent, they are any thing but that 
when we investigate the causes which produced them. 

In Yorkshire, during the whole of the Lower-Oolitic period, from the 
top of the Upper Lias, or from the Dogger to the Cornbrash inclusive, 
estuarine conditions prevailed over a very large area, much of which 
is now under the water of the German Ocean. These estuarine strata, 
which are nearly 1000 feet in thickness, are composed of sandstones, 
shales, ironstones, and thin seams of coal. The Millepore lime- 
stones and the “‘ grey or Scarborough limestone ” intercalated amidst 
the estuarine.series are both subordinate in character and insignifi- 
cant in extent as compared with the great arenaceous and shaly 
deposits among which they appear almost accidentally to occur, or 
with the marine series of the south of England. 

Prof. Judd shows that as we go further north into Scotland 
this gradual change of conditions is carried still further. He shows 
conclusively that from the base of the Lower Lias, up to and in- 
cluding the Upper Oolite, there are a number of series of beds exhi- 
biting estuarine characters. Mr. Judd recognizes two types of 
petrological character, the argillaccous and arenaceous types. The 
alternating groups of marine strata yield remarkable and well-pre- 
served faunas, through which we are enabled to fix with great 
precision the limits of the age of these estuarine deposits. 

The arenaceous type of the estuarine series is characterized by beds 
of sandstone and shale &c., showing every evidence of deposition 
under shallow-water conditions; they strikingly resemble the are- 
naceous series of the Lower Oolite of the Yorkshire coast. 

The argillaceous type is characterized by finely laminated clays of 
various colours. These clays are crowded with shells of Cyrena, 
Unio, Paludina, and dwarfed Ostree, &c., with valves of Cyprides 
and Hstheriw ; and they contain bone-beds composed of the bones of 
fish and reptiles, plant-remains, and interstratified lignite or coal, 
in places several feet thick. The conditions that prevailed at the 
Jurassic epoch in this area singularly confirm the conclusions of 
Mr. Godwin-Austen as to the existence of extended land during 
this long period in the North-European area, 
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Part 2 of Prof. Judd's first paper is devoted to the physical rela- 
tions of the Secondary rocks of the east coast of Scotland. Exa- 
mination of these patches of Secondary strata clearly shows that 
they form the last remaining vestiges of extensive formations which 
originally covered considerable areas, but which have subsequently 
been removed by denudation. Prof. Judd gives a list, at p. 118, 
of eight localities at present known on the east coast of Scotland 
where patches of Secondary strata occur. These are:—1l. Cazrthness, 
2. Sutherland; 3. Strata between Helmsdale and Allt-chollie; 4. 
Kintradwell; 5. Ross; 6. Cadh’-an-Righ ; 7. Cromartyshire; and 
8. Elginshire. 

The relations of the patches of Secondary strata in the east of 
Scotland to the great masses of Paleozoic age are as follows :— 

The Jurassic beds were deposited in a basin formed of the Old 
Red Sandstone rocks. 

1. “ The Secondary rocks le indifferently against all the members 
of the Lower Paleozoic series, from the Lower Silurian and asso- 
ciated granites up to the Upper Old Red Sandstone.” 

2. “There are no indications whatever, in this series of Secondary 
strata, that as we approach the Paleozoic rocks we are coming to 
an old shore-line.” 

3. ‘ The evidence of disturbance aud dislocation in the Secondary 
strata increases as we approach the Paleozoic rocks .... they are 
often found in a completely crumpled and crushed condition at the 
points of contact.” 

That Secondary strata to the thickness of from 2000 to 3000 
feet once existed over large areas, and that they have been removed 
with the exception of a few patches by denudation, is now a con- 
firmed fact. After describing the Triassic and its Stagonolepis and 
Telerpeton sandstones, Mr. Judd enters upon the conditions of the 
Lower Jurassic deposits, commencing with the Rhetic. The well- 
known Linksfield sandstones, which are highly fossiliferous, are still 
doubtfully referred stratigraphically. The fauna is that of the 
Upper Trias or transition series into the Lower Lias; 22 genera and 
28 species are recorded by Mr. Judd. 

The Lower Inas.—The coast at Dunrobin exhibits Rhetic beds 
passing into estuarine strata, which Mr. Judd estimated at between 
400 and 500 feet in thickness, and considered to be of Lower- 
Middle-Lias age. A very interesting section is given (loc. cit. p. 143) 
of the series from the “Reptiliferous ” (Stagonolepis) sandstone 
upwards; on p. 150 Mr. Judd gives in tabular form the nature, 

_order of succession, and paleontological features of these Liassic 
strata. The fauna is that of the Lower Lias of the south and mid- 
land areas in England. Thirty-two species are named from these 
Dunrobin beds. The majority of the species occur in bed No. 7 in 
the section; numerically they are as follows :— 
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Belemnites ...... 1 genus and 1 species. 
Ammonites ...... 1 5 a es 
Pimyariati.) 24 9 Oy D2) has 
Monomyaria...... 5 - 2 ts 
Brachiopoda ...... a a orn Hig 
Plante 227 8 286) i “g ee 
18 32 


There can be little doubt that the fossils of the Dunrobin reefs 
belong to the Lower Lias, and to that portion which Quenstedt 
places under his division 6. The absence of Echinodermata and of 
many forms of Mollusca occurring in the Suabian and some English 
beds would tend to show that the beds were probably deposited 
under less favourable conditions. 

This may have been due to a shallower and turbulent sea, and pos- 
sibly also to a colder climate. ‘‘ Nevertheless,” Mr. Judd suggests, 
“in spite of these minor peculiarities, no one acquainted with the 
association of Jurassic species in England, Northern France, and 
Western Germany can hesitate to regard these beds in the north of 
Scotland ....as included within the same ancient province of 
marine life” (loc. cit. p. 152). Mr. Judd has also found numerous 
fragments of shelly limestone belonging to beds that compose the 
upper part of the Lower Lias. These transported fragments in- 
dicate that in the east of Scotland there existed beds of limestone of 
Liassic age thicker than those in the patch which has escaped de- 
struction at Dunrobin. 

The clays of the Middle Lias of Dunrobin reefs have yielded 33 
species :— 


Belemnites ...... 1 genus and 2 species. 
Ammonites .. 2... i is 2 
Gasteropoda...... 2 ap alee 
PMY arAa). eeros a « 9 , LS eae 
Monomyaria ..... 6 és By eat 
Brachiopoda ...... 2 3 ye lle 
Crinoidea ........ 1 ie Ay ey ay 
22 33 


During the periods represented by portions of the Middle Lias and 
the Middle Oolite more uniform and comparatively deep-water marine 
conditions prevailed in Scotland. 

At Loch Spynie and Lhanbryd, from masses of micaceous calca- 
reous sandstone contained in the Boulder-clay, no less than 35 genera 
and 60 species were collected by Mr. Judd. He believes that these 
fragments with Jurassic fossils, which are so abundant in the Elgin- 
shire drifts, are not far distant from the parent rocks; they pro- 
bably underlie the vast masses of Boulder-clay which mask the 
country (loc. cit. p. 156). 

The Lower Oolite—In Sutherlandshire thick masses of sand- 
stones, shales, and coals exhibit full evidence of deposition under 
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estuarine conditions. The author, onp. 160, gives five comparative 
vertical sections of the coal-bearing strata in Sutherland and Ross, 
viz. at Doll, Fascally, Inverbrora, Strathsteven, and Cadh’-an-Righ. 
Commencing at the top of each section, the well-known “ Roof- 
bed,” which is the lowest bed of the Middle Oolite, is marine in 
origin and of Callovian age. Twenty-four species of bivalves, all pro- 
bably characterizing the Inferior Oolite, are recorded by Mr. Judd. 
There are 13 genera and 16 species of Dimyaria, 6 genera and 6 
species of Monomyaria, and 2 species of Brachiopoda, with some 
plant-remains. With the exception of plant-remains, nothing but 
bivalves are given here. 

The Middle Oolite is fully represented in Sutherland by alter- 
nating marine and estuarine strata, representing the zone of Ammo- 
nites calloviensis. The lowest stratum is the ‘ Roof-bed” of the 
main coal-seam*. No less than 60 species occur in this “ Roof- 
bed.” Calloviensis-zone :— 


Belemites ........ 1 genus and 2 species. 
Ammonites ...... i ve eet: 
Gasteropoda...... 4 he As sae 
Dimyaria... oe «5. ; 18 ea eet 
Monomyaria...... Z Rs 
Saurian tooth .... 1 x 1 woe 
Wood-remains .... 1 ee ‘Ti aieee 
33 60 


The “ roof-bed ” above the Brora coal-series is crowded with Am- 
monites Jason ; and, except in the somewhat more sandy character 
of the beds, this Middle Oolite is scarcely distinguishable in any 
way from its equivalent in many parts of Suabia, France, and 
England. 

Prof. Judd gives the names of 30 species from the argillaceous 
series above the Brora coal-series and the “Am. ornatus” clays :— 


Belemnites ...... 1 genus and 2 species. 
Ammonites ...... i is 1D aites 
Gasteropoda...... 3 B De sé 
Diy aia? «4p 0.2 ie 8 3 S phisy 
Monomyaria...... 4 * will vas 
WDON) eesti Puc 

1 30 


We are struck here with the preponderance of species of Am- 
monites, which also occurs in the Yorkshire Kellaways rock, and 


* T have collected from this bed underground in the Brora pit Pholadomya 
Murchisonii, Anatina undulata, Goniomya, Isocardia tenera, Modiola cuneata, 
Pinna, Pteroperna, Pecten lens, and Gryphea dilatata.—R. H, 
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almost in the same number and species. The zone of Ammonites 
perarmatus and the Oolitic series are succeeded by the sandstones of 
the group Cordati, also associated with species of the Armati and 
Planulatz; they are succeeded by the Clynlish and Hare-Hill or 
Braamberry-Hill white sandstones, which have yielded a large fauna 
(40 genera and 67 species) :— | 


Belemhites ...... 1 genus and 2 species. 
Ammonites ...... 1 - Lia 
Gasteropoda .... 5 ‘ 5 AGS 
Dimyariays 053... 15 ne LOU aes, 
Monomyaria .... 12 a DE 
Brachiopoda .... 2 a Pe 
Echinoidea ...... N te i a 
12) SG aR ee 3 r AS he 
40 67 


The remarkable group of Cycads, Bucklandia Milleriana, Yatesia 
Joassiana and Y. crassa mark an epoch in the flora of the Middle 
Oolites. The Ammonites all differ from those of the zone of Ornati ; 
but numerically they are much the same. 

Coralline Oolite.—On the left bank of the Brora and at Ardassie 
Point a characteristic fauna occurs, the Cordat: amongst the Ammo- 
nites being the only group present. At both points the fossils are 
the same ; 24 genera and 42 species occur in the argillaceous lime- 
stones of the Brora, and 26 genera and 42 species at PAmdarsiet 

The faunas of the various. limestones and clays leave no doubt as 
to their age or true geological horizon; it is unmistakably that of 
the Coralline Oolite of England. Mr. Judd estimates that the 
Middle-Oolite series of Sutherland attains a thickness of nearly 
900 feet, about one half of which is made up of marine, and the other 
half of estuarine strata (loc. cit. p. 176). 

The Upper Oolite—This is for the first time recognized in the 
northern part of the British Islands, and represented by a great 
series of shales, sandstones, and grits, nearly 1000 feet thick. The 
fauna belongs unquestionably to the Upper Oolite. The marine 
sandstones of ‘“Alt-na-Cuil” have yielded 17 genera and 28 species. 
The Upper Oolite series has yielded a large and beautiful flora of 
Cycadez, Coniferx, Filicer, &c.* 

Mr. Judd’s list of fossils from the limestones, grits, and shales of 
the Upper Oolite of Sutherland represents a copious and important 
fauna, numbering 36 genera and 61 species :-— 


* First noticed by Hugh Miller, ‘ Testimony of the Rocks’ (vide the last two 
chapters). 
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Reptilia, 4 2 afar. 1 genus and 1 species. 
Pisces es Hee aN Oite 2 4s yale 
Belemnites ...... 1 ae a alee 
Ammonites ...... af. Dermal | Mee 
Gasteropoda...... 8 be ‘oa 
Dimeyaria.s22 6.0% 5 5 Grace 
Monomyaria...... Ff 5, We aneee 
Brachiopoda...... 3 Bh bss 
AmnelGat.. 0.41% ik a Di iras 
Kchinoidea ...... 2 ‘ on (reas 
Celenterata...... 2 ie 2 leis 
Plantae’ Sie... ds 3 i S ae 
36 61 


These beds have hitherto been regarded as of Liassic age; the 
fauna, however, leaves no doubt as to the horizon to which they 
belong. The group Planulati, the Belemnites, the Brachiopoda, and 
the Plantze all definitely fix the age of these calcareous and arena- 
ceous beds. 

The Eathie-Bay beds south of Cromarty are remarkable for the 
series of Cephalopoda; the Ammonites and Belemnites more than 
equal all other groups yet obtained, the former yielding 12 species, 
the latter 3; only one species each of Gasteropoda and Dimyaria 
have occurred, and 5 species of Monomyaria. Leaves and cones of 
Conifers, leaves, buds, and stems of Cycadee, and fronds of ferns 
occur. The Ammonites indicate that the fauna may be assigned to 
the age of the Kimmeridge Clay and to the zones of Ammonites mu- 
tabilis and A. alternans of Dr. Waagen. These strata, so far as we 
know, form the highest beds of the Secondary rocks exposed “ in situ 
on the east coast of Scotland” (Judd, loc. cit. pp. 181, 184). 

Prof. Judd’s Table No. I., facing p. 194, is a masterpiece of com- 
pilation and composition. The centre column, devoted to the cha- 
racteristic fossils, is of the highest value to the stratigraphical 
geologist; it gives a most complete history of the successive horizons 
from the Lower Lias to the lower part of the Kimmeridge Clay. In 
Sutherland alone we have good evidence of 13 horizons. Mr. Judd’s 
Table epitomizes the contents of his paper so as to leave little want- 
ing to elucidate the history of the Lower, Middle, and Upper Oolites 
of the east of Scotland. To analyze this Table would be almost 
impossible ; but, to a certain extent, I have done it in giving a sum- 
mary of the author’s discoveries in Sutherland. 

His table No. II. gives a comparative view of all the Secondary 
rocks of the east of Scotland, from the Trias to the Upper Green- 
sand; the division of the groups of Ammonites; nature of deposit, 
whether marine or estuarine; thickness; and where certain strata 
are seen 7 situ in other counties. 


In January 1878 Prof. Judd communicated his second paper on 
the Secondary rocks of Scotland (the Strata of the Western Coast and 
Islands). The intermediate paper of 1874 had reference chiefly to 
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the volcanic phenomena of the Highlands associated with the 
Tertiary and newer Paleozoic periods. 

In the Hebrides and adjoining portions of the Western Highlands 
there occur more or less isolated patches of limestone, sandstone, and 
shale, which are in places fossiliferous. These isolated patches of 
Secondary strata are widely scattered over an area measuring 120 
miles in length from north to south, and 50 miles in breadth from 
east to west. Again, as Mr. Judd points out, “ there are various 
deposits of Mesozoic age in the counties of Sutherland, Ross, and 
Elgin, the nearest of which lies 100 miles to the north-east of the 
most northern patch of Secondary strata in the Western Isles; and 
these fragments of Secondary strata in the Eastern Highlands have 
....escaped destruction by denudation only in consequence of being 
let down many hundreds, or even thousands, of feet below their ori- 
ginal positions, and thus coming to be preserved in the very heart 
of the harder Paleeozoic masses.” 

Mr. Judd believes, and with every reason, that “the whole of 
the north and north-west portions of the British archipelago, 
now sculptured by denudation into a rugged mountain-land, were, 
like the south and south-eastern parts of England, to a great ex- 
tent, if not completely, covered by sedimentary deposits, ranging 
in age from the Carboniferous to the Cretaceous inclusive; and 
that, as a consequence, we must refer the production of the striking 
and very characteristic features of those Highland districts to the 
last great epoch of the earth’s history—the Tertiary—and very 
largely, mdeed, to the latest portion of that epoch, namely the 
Pliocene” (loc. cit. p. 669). Mr. Judd also believes, from good 
evidence and inductive reasoning, that during all the geological 
periods, from the Carboniferous to the Cretaceous inclusive, a very 
large part of the Highland districts was submerged and formed 
areas of deposition, and also that some portions of that Highland 
region did, during those long periods, exist more or less continuously 
as islands. Again, so uniformly similar was the succession of life- 
forms during the Mesozoic deposits, as exposed in Central Germany, 
Northern France, England, Scotland, and Ireland respectively, that 
it seems impossible to doubt that the Jurassic and Cretaceous de- 
posits of all those areas were accumulated in the same sea—one in 
which the diffusion of forms of life was not impeded by the existence 
of any great continuous barrier of land (Judd, loc. cit. p. 670). 

Infra Iias.—The zone of Avicula contorta does not exist on the 
west coast of Scotland. The series that occurs next in succession, 
the Infra Lias proper, as exposed at Applecross, Mr. Judd believes 
has no equal in the British Islands. It is 120 feet thick: its fossils 
include Ostrea irregularis, O. arvetis, Lima Hermanni, Phasianella, 
Thecosmilia Martini, &e. 

Lower Lias.—The Lower Lias is largely developed in the Hebrides 
and adjacent mainland of Scotland; it is in places richly fossili- 
ferous, and in some sections 400 feet in thickness. These beds 
strikingly resemble, both in their lithological and paleontological 
characters, their equivalents in England. The great floors of lime- 
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stone and shale, being crowded with Gryphea arcuata (incurva) 
and abounding in Lima gigantea, with Ammonites of the group of the 
Arietes, cannot fail to show that they are the well-known Jama or 
Bucklandi beds of the south (loc. cit. p. 701). 

Besides the above-named fossils, Am. Bucklandi, A. Conybeare, 
A. Kridion, Nautilus striatus, Pinna Hartmanm, Lima pectinoides, 
Spirifera Walcotti, &c. tend to correlate these beds with the 
well-known deposits of England, Burgundy, and Wurttemberg. At 
Applecross Mr. Judd obtained, besides the above, Modiola psilonoti, 
Avicula sinenuriensis, Pecten textorius, Unicardium cardiodes, Car- 
dina Listeri, C. crassiuscula, Astarte dentilabrum, and Pentacrini. 
All the same species occur on the shore at Broadford Bay, Skye. 
A little higher in the section occurs Am. semicostatus and A. Sau- 
geanus, the more typical Bucklandi forms having disappeared. 
' Mr. Judd says that nowhere in the Western Highlands can the Lower 
Lias be studied to greater advantage than on the shores of Loch 
Aline, on the eastern side of the Sound of Mull; 18 genera and 30 
species have been found there. Numerically they are as follows :— 


Ichthyosaurus vertebre. 


Ammonites ...... 1 genus and 7 species. 
Nautalis,.......aeeur i. “f i ek 
Gasteropoda...... 1 . AM vy: 
Dimiyaria;..<\).. Soe + - Bias 
Monomyaria...... 6 bs ib ahs ae 
Amma nda. 60.4. i. t ae 
Echinoidea ...... if ry Lay 
Crmondes ns. ose il. , a 
Plate ts shoe i “ 1 < 
18 30 


It will be perceived that the Ammonites and Bivalves constitute 
the chief mass of the species. Only one Gasteropod, and that a doubtful 
Phasianella, occurs here. 

The Middle Lias.—The two well-marked members of this divi- 
sion are the lowest or “Pabba series” and the upper or “Scalpa 
series.’ The former consists of sandy shales ; the latter of a great 
thickness of calcareous sandstones, ach of these divisions contains 
a distinctive fauna; the Pabba Shales represent Quenstedt’s Lias y 
(the zones of Am. Jameson, A. Ibex, and A. Dave, of Oppel) ; 
while the Scalpa series is equivalent to Lias 6, or the zones of Am. 
margaritatus and A. spinatus of Quenstedt (loc. at. p. 710). The 
Middle Lias on the east side of the island of Raasay is grandly 
developed, and 500 feet in thickness. Mr. Judd names the follow- 
ing fossils as being most common—Belemnites breviformis, Am. 
margaritatus, A. Engelhardti, Pecten equivalvis, P. sublevis, P. lasi- 
nus, Gryphea cymbium, G. gigantea, Rhynchonella tetrahedra, 
f. acuta, and Spirifera Walcotti. It will be seen that these, amongst 
others, are the well-known species of the Middle Lias of England, 
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From Scalpa Mr. Judd has recorded 25 species, representing 12 
genera. In Tobermory the “ Pabba Shales” have yielded to Mr. 
Hugh Miller, F.G.S., of the Geological Survey, 18 genera and 31 
species, a fauna differing from that named above, namely :— 


Belemmitesss, 4... 1 genus and 2 species. 

Ammonites ...... il ms Gaia 

Gasteropoda...... 2 Be eS: 

Dimnyaniaee ss... 8 oe ae 

Monomyaria ..... 6 sy LO a 
18 31 


The Upper Inas.—The parallelism of the Upper Lias of Scotland 
with that of England is striking and absolute. In the upper part 
we find Am. communis &c. associated with Posidonomya Bronni and 
Belemnites ; at the base abundance of Am. serpentinus, A. radians, 
A. elegans, and others belonging to the group Falezferi (loc. cit. 
pp. 717, 718). 

Looking at the uniform extension of the Lias group through 
England from Lyme Regis to Redcar continuously as the western 
edge of the strike, so left by denudation, and seeing that only at one 
place to the west (Wem, in Shropshire), besides probably a patch in 
Cumberland and the Lower Lias of the Antrim coast, we must be 
astonished to see such a development of the English southern and 
north-eastern beds so far to the N.W.; and, but for the exposures above 
named, no evidence would have been afforded us of any extension to 
the N.W. The researches of Mr. Judd have, however, thrown new 
light upon the geographical extension and distribution in time of the 
Lower Jurassic rocks, leaving us to restore the lost area and still 
older series now below the North Atlantic and to the west of the 
Hebrides. The “ patches” left of these Mesozoic rocks so rich in 
organic remains on and around the islands that fringe the Highland 
coast, testify to the grandeur and extent of the original deposit ; 
probably nowhere in Europe were the Secondary rocks more com- 
pletely developed. 

The Lower Oolite.—Mr. Judd, in discussing these members of the 
Jurassic series, states that they must have had a very extended geo- 
graphical distribution and been of considerable thickness; they have 
been detected at various points from the Shiant Isles in the north 
to Ardnamurchan in the south, forming, indeed, what would be the 
eastern edge of the northern Jurassic basin. The Inferior Oolite in 
the Western Islands is probably 400 feet thick. Mr. Judd divides 
the series into four members :— 


No. 1. Marine. 

» 2. Estuarine. 

», 3 Marine, with dm. Blagdem, A. Humphriesianus, A, 
coronatus, and Bel. giganteus. 

» 4. Marine, with Am. Murchisone, A. corrugatus, and A, — 
leviusculus. 
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Mr. Judd also believes that he has detected fossils indicating the 
presence of a representative of the Midford Sands of England. 

In the isolated and distant Shiant Isles the beds containing Am- 
monites Murchison and A. corrugatus are well shown, although the 
shales are metamorphosed into masses resembling Lydian stone. 
These Ammonites, Belemnites giganteus, Rhynchonella spinosa, and 
other well-known species occur further south in Ardnamurchan: to 
the south of this the overlap of the Upper Cretaceous rocks covers up 
the Jurassic series. 

The Great Estuarine Series——In Skye and Raasay certain beds 
which have pronounced estuarine characters succeed the Lower 
Oolites of the Western Isles, and are intercalated between them 
and the representative of the Oxford Clay. In Higg and Muck they 
are thicker. As on the eastern coast of Scotland, two distinct 
types occur, the arenaceous and the argillo-calcareous, the former 
resembling the Hastings Sand, and the latter bearing a most striking 
analogy to the Purbeck and Punfield series of the south of 
England. This series is completely and carefully described by Mr. 
Judd (loc. cit. pp. 722-726). 

The Oxford Clay.—This group immediately overlies the Great 
Estuarine series. It consists of blue clays and argillaceous lime- 
stones of marine origin. These clays contain a fauna representing 
the zone of Ammonites cordatus, or the middle part of the Oxford Clay. 
Edward Forbes obtained fossils from clays of the same age at Loch 
Staffin. Mr. Judd gives a list from the Bay of Laig, Island of Higg, - 
in which no fewer than 7 species out of 19 are Ammonites and 2 
Belemnites, B. sulcatus and B. gracilis ; so that 9 are Cephalopoda. 
There are also 6 genera and 7 species of Bivalves, a Serpula, a fish- 
defence, and wood—in all 19 species. Prof. Judd believes that beds 
of this age, although imperfectly exposed, must underlie great tracts 
of the Miocene basalts of the Hebrides. The Oxford Clay of Scotland 
and England was deposited in a sea of considerable depth ; probably 
its beds originally extended over much of what is now the area of the 
British Islands. In mineral characters and life-succession it stri- 
kingly resembles the Anglo-Germanic area; and there can be no 
doubt that the Oxfordian sea of that life-province was of wide 
extent and of considerable depth, and probably not broken up 
into anumber of isolated portions (loc. cit. p. 727). The remainder 
of Mr. Judd’s able memoir is devoted to the Cretaceous system of 
the Western Highlands. With the Cretaceous group I have at pre- 
sent nothing to do, the Jurassic series alone being too extensive for 
one Address. 

The Table facing p. 736 is an elaborate exposition of the matter 
contained in the paper. It ranges from the Poikilitic rocks to the 
Chalk, and gives the characteristic fossils in each division of the 
several formations and foreign equivalents. The following isa short 
analysis of it :— 
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Formations. Thickness. Equivalents. 
1. The Maestricht and Meudon 
beds ? or Hocene? 


(OLD Cary aero As 3 divisions, in all 130 feet, upper part, = oS PSEC snucronatus. 
3. Middle Lower Chalk. 
Upper Greensand...............:..seee es 60 _,, Hs Cenomanian. 
Middle Oxfordian............... very considerable. 
Great unconformable break. 
Great Estuarine \s davisteneeuaene 850 feet. f Lower Oxfordian and Great 
BERIOS Gaels 'snivice one |  Oolite. 
1. Inferior Oolite, zone of Am. 
, Parkinsoni. 
Lower Oolites...... CA MOP itor 38) ,, 2, Zone of Am, Humphriesionus, 
3. Zone of A. Murchisone. 
Upper Lias......... Pdivision’..:....4: 100K, Upper Lias Clay. 
(1. Zone of Am. spinatus and Am. 
| margaritatus. 
Middle Lias ...... OVOLVISTONMS sci se anrae 500 ,, 4 2. Zone of A. Jamesoni. 
| 3. Zone of Am. armatus, A. ibex, 
| and A. oxynotus. 
? 1. Zone of Am. semicostatus. 
Lower Lias......... 2 RE, Ae Geta 400 _,, DT onsioh dal Bea: 
Infra Lias ......... 1 division ......... 400 ,, i Cee IIIS EAU 
2635 feet. 


The accompanying Table (IV.) exhibits the Ammonites that occur 
in the Jurassic strata of the eastern and western sides of Scotland, 
and in the patches left by denudation. This Table has been compiled 
from the various collections made by Mr. Judd and the species men- 
tioned in his paper. The Lower Lias embraces 12 species, the Middle 
Lias 14, the Upper Lias 5, the Middle Oolite 27, and the Upper 
Ooolite 23 species—in all 81 species. Equally important and in- 
structive would have been the tabulation of the whole fauna of these 
northern Jurassic rocks; but my Address will greatly exceed the 
limits I had intended, and tabular matter requires long explanation. 
I have selected the Ammonites because they are of high strati- 
graphical importance, and their acknowledged zonal value carries 
with it definite ideas for correlation. This Table is a singular 
and complete illustration and confirmation of the stratigraphical 
value of the distribution of the Ammonites in time and space, clearly 
showing the succession of groups of species through the long conti- 
nuous deposition of the sedimentary matter composing the Jurassic 
rocks over the entire Kuropean area. 

In addition to giving the tabular distribution of the Ammonites 
only in the patches left by denudation on the east and west coasts 
of Scotland, I have prepared a second Table (V.) for the distri- 
bution of all the known species in the same localities, arranging 
them stratigraphically. The numerical development and distri- 
bution of the Mollusca is a significant feature in this Table; ten of 
the fifteen classes are scarcely represented ; but it is evident from 
the associated fauna that the Jurassic rocks of the Scottish area have 
yet to yield a rich harvest of species. The genera are not largely - 
represented by species, clearly showing the want of systematic 
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research and collecting; but for the researches of Prof. Tate, 
Edward Forbes, Dr. Bryce, Prof. Geikie, and Prof. Judd we should 
have known little or nothing of the Jurassic fauna of the Western 
Isles or the eastern shores of Scotland*. 


Probably two of the most painstaking and elaborate papers of the 
past twenty years have been written by W. H. Hudleston, Esq., 
M.A.,F.G.S. The first part of the first memoir appeared in August 
1874, the second in January 1876, and the third in October 1878, 
in the ‘ Proceedings of the Geologists’ Association.’ The title of Mr. 
Hudleston’s memoir is ‘‘ The Yorkshire Oolites ;” and no prior de- 
scription of the geology and paleontology of Yorkshire can compare 
with it for the philosophical way in which the author has treated 
this most difficult problem in the history of the lower Secondary 
rocks of Britain. 

Mr. Hudleston’s second memoir appeared in the ‘Geological 
Magazine’ for the months of June, July, September, November, and 
December 1880; it is entitled “‘ Contributions to the Paleontology 
of the Yorkshire Oolites,” and is a companion memoir to the one 
above-cited. I commend these two able productions to every 
student of Jurassic geology in Europe; without them our know- 
ledge of the Oolitic rocks of Yorkshire would still be very imperfect. 
Louis Hunton, Phillips, Williamson, Wright, Leckenby, Lycett, Tate, 
and Blake have, however, enriched our knowledge of the geology 
of this great county ; and the geological maps of the eastern division 
constructed by Mr. Fox Strangways, both on the 6-inch and 1-inch 
scale, are works of art, in the department of geological surveying, 
such as have seldom been attempted and rarely excelled. 

Mr. Hudleston, in his first part, divides and treats his subject 
under three heads :— 


1. The Physical Geography of the District. 
2. The Region of the Lower Oolites. 
3. The Lower Oolites. 


This last division he treats under four heads :— 
1. The Dogger. 
2. The Millepore bed. 
3. The Scarborough or Grey Limestone. 
4, The Cornbrash. 


Below the Dogger ranges the uppermost division of the Upper 
Lias, or the transition Jurassic sands, viz. (1) “The Yellow sand 
series,” about 20 feet thick; (2) below these the well-known 
“Grey sands” which form so conspicnous a platform at low 
water; and (3) at the base the Am.-striatulus beds, which shade 
into the Grey sands above: the whole may measure about 100 
feet. The Blue Hythe Point section is probably one of the grandest 
and most interesting in its details on the whole coast of York- 
shire; no one who has not personally examined this, both from 
the bays and in the cliffs, can form any idea of the history of the 

* Vide Quart. Journ. Geol. Soc. vol. vii. p. 104, vol. xiv. p. 24, vol. xxix. 


pp- 97 and 339, papers by Edward Forbes, Dr. Wright, Prof. R. Tate, and 
Prof. Judd. 
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Tarn V.—Showing the entire known Fauna and Flora of the Jurassic patches on the Hust and West Coasts of Scotland, arranged stratigraphically, and specially 
showing the value of the Mollusca, without which little would have been determined as to the age of the Strata. This table, with that prepared to 
illustrate the distribution of the Ammonites through the Scotch Jurassic patches (Table 1Y.), shows the known history of the Northern Oolites. 
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Upper Lias and the Dogger above. No previous writer has dealt with 
the details of the Lower Oolites of Yorkshire with the same minute- 
ness as Mr. Hudleston ; and he has equally well marked out the higher 
members of the Jurassic group, which I shall have occasion to refer 
to at some length. 

The Lower Oolites, as avove stated, are divided into four groups. 
The base is known as the “ Dogger” or Inferior Oolite. The Lower 
Shale and Sandstones, about 300 feet in thickness, succeed the 
Dogger ; these are entirely estuarine, and contain no marine fauna ; 
but an abundant cryptogamic flora must have occurred inland 
near where these sandy shales were deposited. Capping these Lower 
Estuarine arenaceous beds, is the first marine horizon above the 
Dogger, known by the name of the “‘Millepore bed;” this may possibly 
belong to the same series, or it may be correlated with the Whit- 
well Limestones of the Howardian Hills. It is traceable under 
varying conditions through the western and northern areas, either 
through its oblique lamination, or the comminuted condition of its 
fossil contents; the Bryozoon Spiropora (Millepora Cricopora) stra- 
minea everywhere characterizes this bed, whence the name. No less 
than 22 genera and 36 species of Bivalves have been determined 
from the “ Millepore bed,” 8 genera and 9 species of Gasteropoda, 
and 4 genera and 4 species of Echinoidea, besides species of other and 
lower groups; the most abundant fossils are Lima duplicata, Tri- 
gonia reticosta, Ceromya Bajociana, Myacites recurva, Pholadomya 
Heraulti and P. Semani. Pygaster semisulcatus is the chief Kchinoid ; 
and G'onioseris angulata is the only Coral known. Mr. Hudleston 
believes that it is more than probable that the ‘‘ Millepore group ’ 
may represent the ‘ Cave Oolite,” and consequently the ‘“ Lincoln- 
shire Limestone ;” and the presence of the Lower and Upper Estua- 
rine series in Lincolnshire, and their great extension northwards 
into Yorkshire, above and below the Millepore series, furnishes 
good and reasonable grounds for this supposition. The Scarborough 
or Grey Limestone, in some places, is less than 100 feet above the 
Millepore series; and the intervention of the plant-beds goes far 
to show the shallowness of the area that underwent so many alter- 
nations of level. The Grey Limestone may, under modification, repre- 
sent the zone of Am. Humphresianus or the upper portion of the 
Lincolnshire Limestone; but the Yorkshire type has not yet been 
detected south of the Humber. The fossils of the Dogger and Mille- 
pore bed are numerically given in a subsequent Table (VII. p. 84), 
side by side with those of the Grey Limestone and the Cornbrash ; 
their numbers are expressed here by the formula I have adopted ; 
they are for the Dogger 42, the Millepore bed 3°, the Grey Limestone 
#8, and the Cornbrash ,’7;. Thus, so far as collecting goes, the Dogger 
and the Grey Limestone are equally prolific, though the fauna differs. 
The poverty of the Cephalopoda is strikingly shown in this Table; yet 
the largest species of Belemnite (B. giganteus) in the British rocks 
occurs in the Grey or Scarborough limestone. Above the principal 
**Carbonaceous” groups of the Lower Oolites is the “* Middle Shale | 
and Sandstone series,” above the Millepore beds, and below the Scar- 
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borough or Grey Limestone ; these shales occupy a wide-spread area, 
and with them also the ‘‘Coal” seam, which uniformly occupies the 
area from the coast inland as far as Castleton in the N.W., and Cox- 
wold in the 8.W. That a bed no thicker than this should yet main- 
tain itself over such an extensive district points to a remarkable 
uniformity of condition throughout a great part of the area now 
occupied by the Yorkshire Oolites at the period of deposition 
(Hudleston, loc. cit. p. 310). The occurrence of marine fossils in 
the Middle Shales is extremely rare; but one or two Monomyarian 
Bivalves have occurred. A large flora, including Hquisetacee, 
Lycopodiacee, Filices, Cycadacece, and Coniferc, occurs in the Lower 
and Middle Shales—about 50 species in the Middle Shales of 
Gristhorpe, 10 at Cloughton Wyke, and 30 in the Lower Shales 
of Hayburn Wyke and Whitby &c.; hence the persistent band of 
coal in the Gristhorpe beds or Middle Shale, which had such an 
extensive geographical range. This band of coal, averaging about 
12 inches thick, doubtless is due to the growth and decomposition of 
this flora am situ along the shallow shore of an estuary whose area 
can be defined by the lateral extent of the present plant-bearing 
shales. The following Table (VI. p. 83) gives all the genera known 
in the shales below the Scarborough or Grey Limestone. 

Above the Middle Sandstones and Shales is the Grey Limestone, or 
Scarborough Limestone, or the second marine group above the Dogger. 
This, again, consists of marine and estuarine beds having special 
features and organic contents, consisting of a large fauna comprising 
48 genera and nearly 80 species. Cloughton Wyke, Hundale, 
and the scars south of Scarborough exhibit these singular beds with 
the utmost clearness, and richly fossiliferous. That these beds 
represent the zone of Am Humphresianus and Parkinsoni, or 
the middle and upper part of the Inferior Oolite of Gloucestershire, 
there is little doubt; they hold a fauna partly of their own, of a 
northern rather than southern type, yet many species in common with 
the southern true Inferior-Oolite Limestone. This important 
marine horizon in the midst of the estuarine shales and sandstones, 
with here and there a freshwater shell (Anodon), 1s most ably 
described by Mr. Hudleston. I have collected largely from both 
the Hundale and Scarborough sections, and am enabled to follow and 
verify his clear descriptions. 

The fauna of the Grey Limestone may be thus generalized :— 


Genera. Species. 
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Middle Shales. Lower Shales. 
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The Cephalopoda are rare in all the beds of the Lower Oolites of 
Yorkshire, between the Upper Lias and the Kellaways Rock; in the 
Oxfordian stage the species are greatly augmented. The Belemnite 


in the Grey Limestone is the large and well-known form B. giganteus; 
and the Ammonites are A. Humphresianus, A. Blagdeni, and A. 
Braikenridgw. It is very doubtful if Am. Parkinsoni has ever been 
found in Yorkshire, although it is said to have occurred. 

h2 


84 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 


Taste VII.—Fauna of the Dogger, Millepore-bed, and Grey 
Inmestone and Cornbrash of Yorkshire. 
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The above Table (VII.) shows that in the Cornbrash of York- 
shire, as in the Lincolnshire Oolites and beds below, the Cephalopoda 
are scarcely represented; also that only two Actinozoa are known ; 
and that, unlike the southern Cornbrash, only five species of Brachi- 
opoda occur in this northern extension. 


The Upper Shales and Sandstones, about 140 feet thick, with only 
one or two fossil shells, rest upon the Grey Limestone: and south 
of the Spa their remarkable bedding, enormous “dogger” and siliceous 
rocks, are the marked features. At Gristhorpe Bay they are also 
conspicuous; they may be, and probably are, “the moor stones, 
whose weird and grey masses on the Yorkshire moors seem to live 
on unchanged and unaltered under the test of meteoric vicissitudes 
scarcely known in any other region.” 

The Cornbrash.—This capping to the Lower Oolites, although 
only a few (38 or 4) feet thick, is the most fossiliferous zone of the 
entire series; it is the most persistent band or horizon of the 
Jurassic subdivisions in Yorkshire; and it suddenly exhibits an 
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assemblage of life hitherto unprecedented in the British rocks. 
Based upon sandstone utterly void of organic remains, and covering 
a vast geographical area, the grey subcrystalline limestone of the 
Cornbrash tells its own tale. It is the landmark of the prac- 
tical geologist; it terminates the vast arenaceous barren estua- 
rine beds which so conspicuously characterize the Lower Jurassic 
rocks of Yorkshire; it is at the base of the Oxfordian group, 
which commences with. the Kellaways beds resting immediately 
on the Cornbrash. Whether the Cornbrash exists in the Cave 
district, below the thickly developed Kellaways sands, we have yet 
to learn; its occurrence in Lincolnshire in the Brigg district is 
certain, but it exists under a very different lithological aspect; and 
so does the Kellaways. The Molluscan fauna of the Yorkshire Corn- 
brash is large and important: with it cease most of the Lower-Oolite 
species. The appended Table (VII.), including the Cornbrash, nu- 
merically exhibits all the species occurring in Yorkshire, and may 
be a fit termination to the fauna of the Lower Oolite of the York- 
shire coast. I also state the numerical value of the species in the 
following list :— 
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The Lower Oolites are estimated by Mr. Hudleston to measure 
nearly 1000 feet in thickness as exposed along the coast ; but nowhere 
in the interior of the county are the horizons sufficiently exposed to 
warrant a true estimate. Commencing with the Dogger, they are, 
as given by the author :— 


1. Dogger and sands (Blue Wyke) ...... 80 feet. 
2. Lower Shale and Sandstone (Peatt) .. 280 

. Millepore-bed (Cloughton) .......... 12 
. Middle Shale and Sandstone (Cloughton) 100 
. Scarborough Limestone (Cloughton) .. 50 
. Upper Shale and Sandstone (Spa Cliffs). 160 
. Cornbrash and shales (Gristhorpe) .... 13 ,, 


—_-——- 


“IO Or p 


695 ,, 


Mr. Hudleston thinks that perhaps these thicknesses are only 
partially maintained in the moorland chain ; whilst in the inland or 
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Howardian chain a very different development is observed. He 
submits a section cf the latter in the valley of the Derwent, south- 
west of Malton, as an example or type of the whole: this is elabo- 
rately discussed, and forms an important part of Mr. Hudleston’s 
researches upon the Lower Oolites. 

Continuous with part 1, but in the following year, 1875, the 
higher members or subdivisions of the Yorkshire Oolites are critically 
worked out: they consist of six subdivisions, two of which are 
partly new; these are the “shales with Avicula echinata,” and the 
uppermost or ‘‘supracoralline rocks.” All are seen along the coast. 
These six subdivisions are :— 


1. The Shales with Avicula echinata. 
2. The Kellaways Rock. 

. The Oxford Clay. 

. The Lower Calcareous Grit. 

. The Coralline Oolite. 

. The Supra-Coralline beds. 


> OV HB OO 


The Shales with Avicula echinata, not very distinct from the 
Cornbrash, Mr. Hudleston regards as anticipating in a measure 
the physical conditions of the Oxford Clay, but interrupted for a 
time by the intervention of the great arenaceous deposit of the 
Kellaways series. At Scarborough they are from 12 to 15 feet thick, 
in Newton Dale 10 feet. They may be the Hambleton argillaceous 
beds of Phillips at the base of the Kellaways ; possibly, also, as sug- 
gested by Hudleston, the “ Avicula-echinata beds” of Porta West- 
phalica, in Germany, may be of the same age and position, although 
it is here von Seebach draws the line between the Middle and Upper 
Jura. Dr. Brauns extends that line to the top of the ‘ Ornatus 
clays,’ which have their equivalents in the highest part of the 
Kellaways Rock of Scarborough. 

Fourteen species of fossils are recorded from these shales—4 genera 
of Monomyaria with 7 species, 4 genera of Dimyaria with 4 species, 
Waldheimia lag genalis, Rhynchonella Leedsivi,and Glyphea Strickland. 
All of these except the two last-named species have a wide Jurassic 
range. 

No description of the Kellaways Rock ever given approaches 
the physical history and paleontological analysis given by Mr. 
Hudleston. The sections are detailed bed by bed; and I am happy 
to be able to follow him in detail, from personal examination, 
though not with a knowledge equal to his own. The great mass of 
the fossils occur in the upper ferruginous hard rock and the upper 
tier of solid stone, in which Belemnites Owenii and Gryphea dilatata 
oceur abundantly, with the Ornatus Ammonites A. Gowerianus, A. 
Duncan, A. Jason, A. Gulielmi, A. gemmatus, &c. &e. The group 
Cordati, A. Lamberti, A. cordatus, A. flecicostatus, &c., indeed most 
of the fossils, especially the Ammonites, are from the subcrystalline 
rock, or “upper tier.”” The conditions of this rock are traced along 
the coast from the Castle Hill, Scarborough, to Newbiggin Wyke 
at Gristhorpe Cliff, where it thins out and is lost, having, in 53 
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miles become reduced from 75 feet to 5 feet. This “attenuation 
gives a gradient of 1 in 415 for natural slope of the upper surface ” 
(Hudleston, loc. cit. p. 367). The grand section and precipices of 
the Kellaways Rock at Yewdale Scar in Newtondale, 8 miles W. by N. 
of Hackness, is graphically described; and his bold speculations as to 
its association with the Oxford Clay and Coralline beds are of much 
significance. A sectionis devoted to the fossil contents of the Kello- 
way rocks. Mr. Hudleston points out, and that truly, that the fauna 
“‘of the upper part of the Kelloway rock of Yorkshire, as indicated 
by its Ammonites, embraces much of the Oxfordian of English geolo- 
gists.” The question then arises, ‘‘ Are the fossiliferous Cephalopoda- 
beds in the upper part of the Kelloway rock at Scarborough, at Red 
Cliff, and at Gristhorpe wholly contemporaneous deposits?” At Scar- 
borough, species of the group Ornati are plentiful, and at Gristhorpe 
the Cordati, especially Am. Lamberti and A. vertumnus &e. The 
accompanying is, I believe, a nearly complete generalized list of the 
fauna of the Kellaways Rock of Yorkshire :— 


eveMMITES : hc. ety 2 2, 0s 2 species. 
ATU UNIO, keds kes sss ee 
PATTAWIUOMUDC Soe os eh ws ss 40 ,, 


Gasteropoda.. ll genera 17  ,, 
Monomyaria.. ll ,, Ton ts 


Divayaria,.... 19 ,, 44 ,, 

Brachiopoda.. 4 ,, Abn 

Crustacea... 1 (;, le ake 

13) aD IBA we sage; 
50 133 


Nautilus hewagonus stands alone in the northern Kellaways, and 
Bel. Owenii and B. hastatus are, individually, abundant. These two 
species have been found at the new exposure of the Kellaways Rock 
at North Cave, where I found Am. Gowertanus and Am. vertumnus 
associated with them, and hundreds of Gryphea dilatata and Pinna 
cuneata lower down. About 20 species of Lamellibranchiata and 
5 Gasteropoda pass to the Oxford Clay; these numbers apply to the 
group generally, and for all British localities. 

A marked and striking feature in the Kellaways Rock of York- 
shire is the sudden appearance and abundance of its Ammonites. 
Whence came they? Bearing in mind that only one species is found 
in the underlying Cornbrash, and two or three in the Lincolnshire 
Limestone, and here we have 40, 39 of which never appeared 
before or in lower beds in Britain, as Mr. Hudleston remarks, it 
was “a regular invasion and nothing less.” He suggests that 
‘‘probably this great sandbank was deposited during a subsidence 
of this region far more continuous in time and extended in space 
than those more partial depressions which, during the period of the 
Lower Oolites, had in this region intercalated the spoils of the sea 
with those of the estuary and marsh. This more continuous descent 


seems at length to have removed or lowered barriers which had 


a ne 


—s 


88 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 


hitherto kept out the waters of a sea swarming with strange Cepha- 
lopoda” (Hudleston, loc. cit. p. 374). I estimate the number of 
genera in the Kellaways Rock of England at 51, and the species at 
166. They will be discussed under the tabular analysis. 

Oxford Clay.—This is grandly shown north of Filey Brig, at 
Gristhorpe and Clayton Bays, capped by the bold cornice of the Lower 
Cale Grit, sweeping down in a gentle curve or slope to the shore; 
its thickness generally may be assumed to be from 130 to 150 feet. 

The entire fauna is a poor one ; but the Cephalopoda and Dimyaria 
exceed all other groups numerically. Forty-five species of Ammo- 
nites are known in Britain, and twelve or fourteen species in York- 
shire. The whole fauna for England and Scotland, including the 
Staffin Shales &c., is as follows :— 


Genera. Species. 

Plantes... eeeietnes c=. i ne ] 
Proboged 4.*5 gee. « 3 aaa 3 
Coelenterata (none). 
Echinodermata ..... 3 cate 3 
Annelida... .%2.2°.> 2 Mee 2 
Crustacea.......33: 5 6 
Bryozoa (none). 
Brachiopoda | 72).. 5 Ps. 10 
Monomyaria ...... 9 fee 26 
Dimiyertas.. . 7. nee 21 nee 48 
Gasteropoda........ 10 et, 17 
Ammonites ,..4....:6 1 chats 3 45 
AnevIOceris...°.. 2 see 1 tee 1 
Nautilus (none). 
Belemnites ......... 1 Saris 13 
MeubHG gs en. via oon os 2 ht 2 
IRE RE rea et easyer en ott 3 ime 4 
Ptopialia ooo. ose sp a ih ae 13 

74 lp ee: 


Subsequent to the Lias, no period in the early history of the 
Jurassic seas of Britain presents us with such an assemblage of 
Ammonites. The Lias yields 220 species, the Inferior Oolite 42, 
the Great Qolite 7, the Kellaways Rock 40, and now we have present 
in the Oxford Clay 45 species, 18 or 20 of which are probably 
common to it and the Kellaways below. The Oxfordian stage doubt- 
less yields the most ornate Ammonites in the British strata, not even 
excepting the Gault. No species of Nautilus has yet occurred in 
the Oxford Clay, either in Yorkshire or elsewhere in England. So 
much is said in Mr. Hudleston’s paper upon the fauna of the 
Oxfordian stage and the particular species that characterize the two 
subdivisions, that comment on my part is needless. I recommend 
all interested in Jurassic geology to master the details therein given. 
There is much to be done with regard to the palmontology of the 
Oxford Clay and the range or vertical distribution of its organic 
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contents. The upper beds are unfossiliferous ; and, as Mr. Hudle- 
ston states, “for purposes of comparison with N.W. Germany, if it 
may be deemed proved from negative evidence that the Ornati do 
not occur higher than the top of the Kelloway rock, we must look 
upon this great thickness of beds as belonging quite as much to the 
Upper as to the Middle Jura of that country.” 

The fossils given in Mr. Hudleston’s paper are numerically as 
follows, and represent only 7 classes :— 


Genera. Species. 
Belemnites...... 1 Pele 3 
Ammonites .... 1 tga Ah 
Gasteropoda .... 4 Sah 5 
Monomyaria .... 6 10 
Dinivaria: 2. ...5 11 et 13 
Brachiopoda .... 2 eas 2 
RORIOIGED Ae kN RR we  . s o « traces. 

25 aS ee 44 


Lower Caleareous Grit.—The mass of material gone over by Mr. 
Hudleston for this and the Corallian group can only be estimated by 
those who know the rocks and the area they occupy. The Oxford Clay 
in its uppermost limit becomes gradually more sandy; the typical 
Lower Calcareous Grit commences with induration, and forms a 
‘“‘ mural cap of hard yellow rock” to the grey underlying Oxford Clay. 
It is seen in the tabular range, the Howardian hills, in Castle Howard 
and Hovingham Park, &c. The subdivisions are petrological, not 
paleontological. Mr. Hudleston states that, “‘taken all together, 
the Lower Calcareous Grit occupies more ground in Yorkshire than 
any other member of the series between the Lower Oolites and the 
Kimmeridge Clay.” That the Calc Grit constitutes the base of the 
Corallian series, and represents the commencement of the ‘‘ White 
Jura” of the continent, there cannot be any doubt. Physical condi- 
tions had and have more to do with determining the Molluscan life 
over a given area than perhaps any other cause. That this was the 
case with the Passage-beds into the Coralline Oolite seems highly 
probable. Mr. Hudleston appends a list of Lower Cale Grit fossils, 
which he says is by no means exhaustive, but intended to give a 
fair idea of the facies of the fauna (loc. cit. pp. 388-890 for specific 
names). The following statement indicates the numerical proportions 
of the genera and species :— 
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Genera. Species. 

Belemnites ........ I Rt. 2 
Nautilad vere Teo: ik MERA it 
Ammonites. /...... 1 owe. 7 
Gasteropoda ...... 6 2, #8 ff 
Monomyaria ...... ‘if At be, 12 
Wimiyartay ts ).% o ‘al VW. 
Brachiopoda ...... 3 aves 
Grustacearmen von. i 2 
Anmelad asec. 6x. xs 1 1 
Bichineideniee acs.’ 5 5 
Asteriadie Sank... = 5... i 1 
Crinoidea), ee tas.. i 1 
Coelenterata ...... 2 2 
Protozoa. ee ee at 2 
‘Wood Ger one. 3: aI 1 

44 66 


Cayton Bay, Filey, and Pickering are the chief localities. Huge 
Ammonites characterize this horizon. The groups Cordati, Armati, 
and Annulati are conspicuous. The Cordati are represented by Am. 
excavatus, A. Sutherlandie, and A. vertebralis; the Armati by the 
type Ammonite of the formation, A. perarmatus; the Annulati 
by Am. plicatilis, which ascends to the Passage-beds. This sin- 
gular Ammonite appears to be the Am. trzplicatus of Sowerby, or Am. 
ingens of Young and Bird. I must refer for much valuable matter 
upon the distribution of the fossils to Mr. Hudleston’s paper. He 
subsequently describes two special sections, the first being the 
Scarborough Castle Yard and Hill series, and the second the Filey 
Brigg section; they are models of field-work reduced to description. 
It has been my good fortune to examine every foot of these 
and other sections described by Mr. Hudleston. The paragraph 
upon the correlation of the Calcareous Grit amongst its members 
through the county is a great contribution to Corallian geology. 

Mr. Hudleston’s third communication is devoted to the Coralline 
LInmestones, divided into five groups, commencing with— 

1. The Lower Limestones, in 6 divisions. 

9 | The Middle Calcareous Grit, in 1 division. 

* | The Coralline Oolite, in 3 divisions. 

3. The Coral Rag, subzone of Cidaris florigemma, in 3 divisions. 

4, The Supracoralline beds, in 3 divisions. 

A Table giving the generalized scheme of the Coralline Limestones 
and associated beds is appended to the memoir, with every particular ; 
separate lists are attached to each group and its subdivisions. The 
Coralline fauna occurring in the Lower Cale Grit, the Coralline 
Oolite, the Coral Rag, and the Supracoralline beds is large and 
general, numbering 120 genera and 295 species. The accompanying 
Table (VIII.) expresses the number of genera and species in the 
classes or groups. For the range of every species reference should be 
made to the Table in Mr. Hudleston’s paper, loc. cet. pp. 481-494. 


—, 
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I regret that space will not allow me to analyze this memoir more 
fully ; but to do so would necessitate the extraction of much matter. 
Ten new species are introduced or enumerated in the Table; 48 
species came from older or lower beds, and 6 pass to the Kimmeridge 
Clay. The chapter upon the paleontology of the Coralline beds is 
worthy of close study; and to it I refer rather than make further 
comment. 


Taste VIII.—Showing the Distribution of the Coralline Fauna 
through Yorkshire, wlustrating Mr. Hudleston’s researches. 


FP : 
B : = 
» ee 
gan: a i 
oS (o} “4 oO 
reo 
a Oo 0) 3 rol 
Classes. 35 2 S So e 
3 wn FS = fa ox ® 
5 = ae = = a g 
8 E S £ 5 q 
=) 
O M 4 Ss Oo RM ~ 
e 3 4 1 
Reptilia, 2.22898. 4 4 3 4 1 
IEISCEGN. eacee eee 5 : 3 1 
= al 1 1 1 1 
Ammonites ......... 1 16 x 3 3 5 2 
= 1 1 1 1 
Belemnites............ 1 1. : 2 3 1 
Wantilia sees. 1 2 ; i i i 
Gasteropoda ......... 20 58 : 1'6 46 a 
3 be 2 a2, 15 
WD YaTIA, cee es... 'ss 38 90 30 43 31 12 1 
Monomyaria ......... 15 54 se 29 a5 5 a 
Brachiopoda ......... 3 8 Z 1 2 
T 
IBFYOZ02) 2.60584 1008 if | E 
Echinoidea ......... iS) 19 K ; an 
= . 1 1 3 
CRINOUGEA, a5: .2<se<0 3 5 z : : 
Asteroidea ............ 1 1 : 
Crustaced: <.c.0c<..ccs0. 1 2 : 3 FS - 
a a1, 1 
ITIL oecalsod oe: 2 5 : : 2 1 
Ccelenterata ......... 9 10 i 2 A 
A 
PEWEOZON " icecacccs awe + 4 A x : 
Planted hewitt cent 3 3 a ¥ 
) 68 67 72 20 
120 ; 295 107 123 148 31 8 


The publication of Prof. Morris’s valuable paper ‘‘ On some Sec- 
tions in the Oolite district of Lincolnshire” * constituted an impor- 
tant era in the history of the geology of the Midland districts. His 
views then expressed have, however, since received modification ; for 
in 1869 he corrected his previous opinion, and came to the conclusion 
that the Lincolnshire Oolite as well as the Collyweston beds below 
belong to the Inferior Oolitet. 

* Quart. Journ. Geol. Soc. vol. ix. p. 317 (1853). 


t+ ‘Geological Notes on Parts of Northampton and Lincolnshire,” Geol. Mag. 
vol. vi. p. 446 (1869). . 
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Dr. Lycett, in 1850, on purely paleontological grounds, Mr. 8. 
Sharp, of Dallington Hall, Northampton, Mr. Beesley, of Bankury, 
Prof. J. W. Judd, and the Rev. T. W. Norwood, through evidence in 
the “Cave” district, long ago came to the same conclusion on studying 
the northern prolongation of the Lincolnshire Limestone across the 
Humber—viz. that the fossil contents closely agreed with those of 
the Pea-grit or lowest member of the Inferior Oolite of Cheltenham. 

Prof. Judd, in his exhaustive work on the geology of Rutland *, 
has cleared up in the most conclusive manner the relations existing 
between the several members of the Lower Oolite of the Midland 
counties; the vexed questions as to the age and position of the 
Northampton Sands, the Collyweston Slates, the Lincolnshire Lime- 
stone, the position and history of the Lower and Upper Estuarine 
beds, the distribution and correlation of the Great Oolite and its 
fossils, and the Great Oolite clay, are all ably worked out by the 
author. Prof. Judd has also dealt with the Lower, Middle, and 
Upper Lias and their subdivisions and modern nomenclature. The 
whole volume is an able exposition of the present aspect of Jurassic 
geology. In this memoir, besides the detailed description of the 
geological structure of the county of Rutland, Prof. Judd enters fully 
into the purely scientific questions connected with the history of the 
Jurassic rocks, especially those that characterize the Midland district 
of England, his investigations there between the years 1867 and 
1871 leading him to propose a new nomenclature and classification 
for the Oolitic rocks of that area. Greatly was Mr. Judd aided by 
Mr. S. Sharp, whose large local collection and extensive and accurate 
knowledge of the county were both placed at his disposal. The two 
memoirs by Mr. Sharp upon the Northamptonshire Oolites already 
noticed ably maintained and exemplified the views of Mr. Judd. 

The first thirty-two pages of Prof. Judd’s memoir are devoted to 
the three divisions of the Lias, with a tabular correlation and ar- 
rangement of the several known classifications :— 


1. The English classification. 
2. Continental. 

3. Divisions of Quenstedt. 

4, Ammonite Zones (16). 


This, as showing the received nomenclature and accepted zonal 
classification according to the Ammonitide, I deem it important to 
give here with some modifications (Table IX.) :— 


* Mem. Geol. Survey of England and Wales, Geology of Rutland and parts 
of Lincoln, Leicester, Northampton, &. By J. W. Judd, F.G.S., with Ap- 
pendix and Tables of Fossils by R. Etheridge, F.R.S., 1875. 
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One or two of these zones, although present, are not fully repre- 
sented in Rutland; such appears to be the case with the zone of 
Am. obtusus; but, taking type localities for our guide, each zone is, 
in its geographical place or locality, characteristically shown. This 
obscurely developed Obtusus series in Rutlandshire is at Lyme Regis 
a marked and important horizon in the Lower Lias. The same may 
be said of the zone of “‘ Ibex ” in Somersetshire; it is well developed, 
and known under the name of 4. Boblayei. This and the zone of 
Am. Jamesoni are often united*. 

The thirty-two pages in Prof. Judd’s memoir devoted to the 
Lias, demonstrate the value of the above divisions, and enable the 
student to correlate the English Lias with that of the continent. 
The zones of Am. Murchisone, Am. Humphresianus, and Am. Parkin- 
sont equally in their order characterize the Inferior Oolite, Am. 
gracilis the Great Oolite, and Am. discus and macrocephalus the 
Cornbrash ; the preceding formations are all equally capable of zonal 
subdivision by nieans of their characteristic Ammonites. 

The chapter devoted to the Lower Oolites sets forth the received 
subdivisions, and establishes the grouping of the Inferior Oolite into 
two members, the lower being chiefly arenaceous, and constituting 
the ‘“‘ Northampton Sand ;” while the upper division is almost purely 
calcareous, and is distinguished by the name of the ‘“ Lincolnshire 
Oolite Limestones.” Here and there, at the junction of these two 
groups, there occur beds of fissile sandy limestone. These slaty 
beds constitute the ‘‘ Collyweston Slates,” hitherto wrongly referred 
to the base of the Great Oolite. 

The Great Oolite strata are divisible into four groups :— 


No. 1, or the highest, being the Cornbrash. 
2, the Great Oolite Clay=the Forest Marble of the south 
of England. 
3, the Great Oolite Limestones. 
4, the Upper Estuarine marls &c. which represent the Stones- 
field Slate or lower zone of the Great Oolite of the south 
of England. 


Beneath these Upper Estuarine beds comes the Lincolnshire Lime- 
stone, containing the characteristic fossils of the lowest division, or 
the Inferior Oolite of the south-west of England. Succeeding the 
above, or forming its lowest member, is the Northampton Sand, asso- 
ciated with which in the upper part is the Lower Estuarine series. 
The Northampton Sand often reposes upon an eroded surface of 
Upper Lias clay. The fossils of the Lower Ironstone are all marine f. 
Forty-eight pages are devoted to the origin, general features, litho- 
logical characters, microscopical structure, and mode of formation of 
the Northamptonshire iron-ore. 

The following list exhibits the number of fossils of the Ironstone 


* Vide paper by HE. B. Tawney, M.A., Proc. Bristol Nat. Soc. 1875. 
+ The largest collection ever made of the fossils of this series was by Mr. 8. 
Sharp, F.G.S., and chiefly from Duston and other points near Northampton. 
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bed, nearly every species in which was named and catalogued in 
Mr. Sharp’s collection by myself. The whole series in Mr. Sharp’s 
collection clearly determined the horizon to which they belong. 


Plasifee. dy ep. /ayembetd 1 species. 
Coelenterata........ none. 

A stenoidea jar.) .n d 
Echinoidea + .).:..00. Bg aise 
Menno lide ssa. vx « sai 2 ae 
Crustacea.s. ccs stale. none. 

TBI OWOA) nites sisharst <7: none. 
Brachiopoda ...... none. 
Monomyaria........ | Neer 
Dimyaria-s sisters 0 22h. 3 
Gasteropoda........ yn 
Belemnites ........ i «nticas 
Ammonites ........ none. 
Nails 6 aceon ‘ae 

47 


The Lincolnshire Limestone, formerly believed to be the equivalent 
of the Great or Bath Oolite, is now, on undoubted stratigraphi- 
cal and paleontographical evidence, known to be true “ Inferior 
Oolite.” In almost every locality where the beds are exposed, they 
exhibit different characters. Under two facies or “aspects,” how- 
ever, the formation is specially recognized; and Prof. Judd has 
designated them the “coralline facies” and the ‘shelly facies.” 
Compact subcrystalline argillaceous limestones, slightly oolitic in tex- 
ture and abounding,in corals, characterize the first or “ coralline ” 
beds, which yield Thamnastrea, Montlwaltia, Isastrea, Latume- 
andra, &e. 

An abundant molluscan fauna accompanies these corals, especially 
Nerinee. The well-known Natica cincta [N. leckhamptonensis], 
Pholadomya fidicula, P. Heraulti, Ceromya bajociana, Pinna cuneata, 
Modiola Sowerbyana | M. plicata), &c. abound. 

The second type, or “shelly facies” is composed chiefly of com- 
minuted, waterworn fragments of shells, broken and eroded. These 
dead-shell beds or banks were accumulated under the influence of 
varying currents. They contain Cerithium, Trochus, Turbo, Astarte, 
Ostrea, Lima, Trigonia, Terebratula, &c., and remains of Echinoder- 
mata. It will also be seen by the tabular analysis of the fauna that 
there is an almost total absence of the Cephalopoda; there are two 
or three species of Belemnites and Nawtili; and the Ammonites are 
reduced to four or five species. Bel. acutus, B. Blainvillii, and B, 
canaliculatus, with Nautilus obesus, NV. polygonalis and the four Am- 
monites, A. Blagdeni (rare), A. Murchisone, var., A. subradiatus, and 
A. terebratus, constitute all the Cephalopoda yet known to occur in 
the Lincolnshire Limestone. 

The freestone beds of the south-west of England exhibit the same 
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paucity of fossils, and evidently were originally deposited under the 
same or similar conditions. It is evident that the great mass of 
the Lincolnshire Oolite was accumulated and deposited under mode- 
rately deep-water conditions. The lower members, however, exhibit 
transitional conditions towards those of the underlying Estuarine 
series. ‘The Arenaceous beds contain much wood and the remains 
of ferns, especially Polypodites Lindleyi, Gopp. (Pecopteris polypo- 
dioides, Lindl.), the whole resembling the conditions prevailing in 
the Lower Sandstones and Shales of east Yorkshire. It is at the 
base of these arenaceous beds that the fissile ‘ Collyweston slates ” 
occur, whose position was long misunderstood ; they were wrongly 
assigned to the horizon of the Stonesfield slate, below the true 
Great Oolite. That these remarkable beds were accumulated under 
littoral conditions, or in close proximity to the shore, their fossil 
contents clearly prove. Upwards of 50 species characterize these 
slates, including 6 Gasteropoda and 46 bivalves (26 of which are 
Monomyarian and 20 Dimyarian forms). No mammalian, reptilian, 
or insect remains (so characteristic of the Stonesfield Slate) have 
occurred ; nor do I know of any Brachiopoda. One important uni- 
valve, ‘‘ Pterocera Bentleyi,” essentially characterizes the deposit ; it 
ranges into the limestone above, but is rare. Of bivalves we find 
Gervillia acuta, Pinna cuneata, Trigonia compta, Lucina Wrightit, 
Myacites scarburgensis, Cardium Buckmani, Pholadomya fidicula, 
and P. ovalis; Pecten lens and the beautiful fern Polypodites Lindleyr 
specially characterize these slates below the Lincolnshire Limestone. 
Numerically the fauna is thus expressed :— 


Genera. Species. 
Gasteropoda ...... 5 oun 6 
DumMyarias a.) aise 12 ese ghee 
Monomyaria ...... 10 raga 20 
Asteroidea........ it tee 1 
28 53 


The following Table (X.) exhibits the chief localities where the 
Lincolnshire Limestone occurs according to Prof. Judd’s memoir, and 
the fauna of each locality, the genera and species expressed, as in 
my former Tables, by means of two factors within the square, 
showing both Zoological groups in the column headed by the 
locality, the upper figure indicating the number of genera, and the 
lower the number of species in each locality. 


ue 
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Taste X.—Distribution of Genera and Species in the Lincolnshire 
Lnmestone from 8 chief localities, and the Collyweston Slate at the 
base. 


4 mn 
{ed) 
EE 
(op) Lond oy e s 
one ic) . . 
. | pas 1S pa | eg 
ro = . ) oe o) = 
Classes. rial 2 SY | ht er | ey ee letter 
fs 1 Pe 1 o Oo a0 a Oo 3s 
POU iets |e ea ein | cee. | |, Oe ee ieee 
Ore ret Oe (US| Fes Sean aes te sce 
SiS\ steele (aisle lee 
b= — 2 i : 
Fler |e Ce Wt | Maco ene 
em: ; 
Ape Otilia). ean seee seis seats i 
1 2 2 
JENSIG 9S) Sosr.c nobledaaaGaanoodsece 2 2 
PAPATMROMIEES Bee en sec enece- a 
ISTO at Wh oe OP ea A 
7 1 1 1 1 
Be lemumitegis kets te Sas'- sie : 1 1 1 
5 1 A 5 2 3 9 
Gasteropoda @Oes esse seers 10 3 9 2 3 5 14 6 
3 
: 1 5 7 16 4%, |e 10 7 4 
WDiMYaNId | eeccecsess 00 sees eel us Ae a4 Mitel atee ly ate Aa 
* 1 6 5 3 6 7 12 10 
Monomyaria ....... Bee see Byilnars 46 BE] ie ei ae AG 
1 2 1 2 2 1 2 2 
RACMIONOCA sr deevsarsevse| 2. [ood Z eS a (Me: 
1 
MSOVOZOA).cslecoseaes cast sere x 
Crustaced)......:..... none 
UMBC Charice cnisisce is 0s none 
- 1 1 1 2 
Annelida ...... bisratheiisnivia’ i 3 ss 2 : 
5 ° 1 3 2 4 3 3 
HICMIMAOIGER = Viseaseassesc--) 4 7 Z ; 2 3 
Oring eaters! seccscdesasds 1 
Asterondedlscsts.cencec coe ce: 
1 1 ] 3 
ACEIVOZ OD ataw sane cucnk eo eae ie, = : 4 A 
6 1 a 
ProtozZOa. ..v+0%0% aaaae san 
3 2 1 1 1 
AIMED! Pees astematinecies acts sto = 2 Lilie dl s 
15 23 37 45 15 27 32 11 28 
22 42 60 89 22 48 50 18 54 


Careful examination of this Table shows the extreme paucity of the 
Cephalopoda in the Northamptonshire and Lincolnshire deposits as 
compared with beds of the same age in Gloucestershire, Dorsetshire, 
and Somersetshire, or the south-west of England. There are only 
two species of Nautilus, NV. obesus and IV. polygonalis, and two species. 
of Dibranchiata, Belemnites acutus and B. bessinus; and the latter 
species occurs in all four localities. Still more striking is the dearth of 
the great group of the Ammonitide; only four species seem to occur, 
and these in one locality near Stamford: they are Ammonites Mur- 
chisone, A. subraciatus, A. terebratus, and an undescribed species. 
The Gasteropoda, with very few exceptions, are also different from 
any of the southern types, and differ equally from most of the York- 
shire forms, the Stibbington fauna mostly resembling the Dogger 
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series. The Lamellibranchiata, in both groups, differ little from the 
southern facies, the large fauna in the Stamford area uniting many 
of the species. Compared also with Gloucestershire and Dorset- 
shire, the Brachiopoda are not abundant, and the same species pre- 
vail everywhere. Only one Bryozoon is named in the collection 
made, and this (Cricopora or Spiropora straminea) is the well-known 
form occurring in the Millepore-beds of Yorkshire. The Hchinoidea, 
species for species, are the same as those occurring all through the 
Cotteswolds ; they equally help us to fix the age of the Cave beds 
‘ north of the Humber, determining them to be but an extension of 
the Lincolnshire Oolite across the Humber. The Coralline group of 
Judd seems best developed in the Stamford area, south of the Nene, 
and in the Barnack rag. Taking the localities in the order of their 
productiveness and according to the collections made, they may be 
represented in the following list :— 


Siamtord J. 6... ee tes Ss 45 genera and 88 species. 
Marlyseries,Squire’s quarry 37  ,, 59 ms 
Collyweston beds ........ Zin tt tes 540 
SWDOMeTON, |... Wek so Dn” 55 50 a 
Kime eC 2... Seep. By” is AS 
Wakerley :..35.. gee ae 42° Te 
Wiles ord. .'. ...\. Hees Ray is Oa ag 
Weldon.) oii... . sees tp. 22 a 
Wiathermer:. J... 3s: eee hor |, 18> 
229 413 


These numbers give.a mean of distribution for the genera of 25, 
and for the species of 46. So much care was bestowed upon the 
collecting, through the agency of Mr. Judd, that we may accept the 
faunal value of the species in each locality as being practically 
exhaustive. In the appendix to Prof. Judd’s memoir, compiled by 
myself, will be found on pp. 276-283 a detailed specific list of every 
species then known as occurring in that area in the Lincolnshire. 
Oolite, Collyweston Slate, and Northampton Sand. ‘The faunas of 
these 83 groups or horizons were compared amongst themselves, 
then with the Inferior Oolite in the south of England and York- 
shire, and then with the Great Oolite of the west of England. The 
result of this analysis is an important one, and clearly shows that 
the Lincolnshire beds are far more nearly allied to those of the 
south of England than to the Yorkshire Oolites. It is expressed in 
figures in the following Table (XI.). The Midland or Northampton 
and Lincolnshire Inferior Oolite, in its 3 divisions, occupies the first 
3 columns; those to the right hand are compared or correlated with 
the Midland group. 


eee e*e en eee 
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Taste XI. 
Inferior Oolite of the C Ha jeer 
Midland district. am ar 
S S 
a | b2 Sa bi oees ee 
fg | g 2) 4 See ee Wee 
a6 3 Sy Ons | OS Jee 
G2 a= ae spa| He |O = "ep 
Ge ee eS |e P| ee ies 
° 5 ier) SQ | 5a cS | see 
Aas fe) iS) pales P= ae) 
| o a a A O 
Plant. Inpckisgnse 6 1 a 2 2 
Ceelenterata ... 21 Bi 7 17 1 AS 
Echinoidea ...... iS) 1 11 ily 5 7 
Annelida......... 8 af: 3 6 5 
Crustacea ...... it ay I 
o BYYOZ02:, .-2.->-. ee a sais 1 1 
Brachiopoda ... 26 1 24 18 1 3 
f Monomyaria ... 55 31 5D 50 18 30 
| Dimyaria ...... 101 32 90 | 68 49 54 
Gasteropoda ... 56 5 29 33 15 2 
Ammonites ...... 4 s. 8 6 1 
Belemnites ...... 4 oe 8 3 2 
Wanttlt:...ciccs-t. 2 4 2 
HISOOR Shiai dan eel 2 27 We 1 
Reptilia .....---- 1 2 
306 71 243 216 93 133 


Thus, out of the 806 species occurring in the Lincolnshire Lime- 
stone, 71 are in the Collyweston Slate below, 243 of the 306 occur 
in the Northampton Sand, 216 species are common to the Oolites 
of the South of England, whilst only 93 can be identified in the 
Yorkshire beds, but 133 of the Lincolnshire Inferior Oolite species 
pass upwards and are found in the Great Oolite of the West of 
England. I am, however, disposed to regard this last number as. 
too high ; the condition of the shells is such, in some localities and 
beds, as to render them difficult of strict identification and com- 
parison. 

The rocks of the two facies of the Lincolnshire Limestone are not 
constant in their relative positions ; and this change of conditions 
is doubtless due to difference of level of the sea-bed at the time of 
deposition. ‘There is no doubt that the great mass of the Lincoln- 
shire Oolite was accumulated under moderately deep-water conditions ; 
but both estuarine and littoral conditions prevail at its base and top. 
Prof. Judd believes* that “ during a portion of the Jurassic period, 
well marked within the ancient life-province now constituting Britain, 
Northern France, and Western Germany by the abundance of certain 
characteristic species (those of the zone of Ammonites Sowerby?), local 
depression took place within an area haying a diameter of something 
like 90 miles, the amount of depression being greatest within its 


* Loe, cit. p. 1438. 
42 
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centre. As a consequence of this local depression there was slowly 
accumulated by the growth of coral reefs, and the action of marine 
currents sweeping small shells and their fragments along the sea- 
bottom, a mass of calcareous strata, presenting many variations in 
its local characters, and constituting the formation to which we have 
applied the name of the Lincolnshire Oolite Limestone.” Again, wher- 
ever the junction of the Upper and Lower Estuarine series can be 
examined there is proof of unconformity ; and the thick series of beds 
of the Lincolnshire Oolite is wedged in between them in a lenticular 
manner; the zone of Am. Murchisone holding the ferruginous 
Northampton Sands (certainly at the base), the upper members 
possibly represent that of Am. Sowerbyt. Clearly this demonstrates 
that a great unconformity exists in the Midland area between the 
true Great Oolite series and the known top of the Lincolnshire 
Limestone. Those beds in the Cotteswold of Gloucestershire &c. 
containing Ammonites Parkinsont and Am. Humphriesianus, or the 
Fuller’s Earth, the Ragstones, and Upper Freestones of the Inferior 
Oolite of that region, are entirely wanting in Northamptonshire and 
Lincolnshire. This paucity of fossils belonging to those two zones 
is detected on examining the well-prepared lists of fossils by Mr. 
Sharp and Prof. Judd, and bears out the history of the deposits. No 
group more strikingly or certainly determines this than the Ammo- 
nites. Table XII. shows thata number of species are common 
to the Lincolnshire Oolite and the Great Oolite (133 out of 306), 
a greater number by far (40 species) than in the Lincolnshire and 
Yorkshire beds of the same age. This may be accounted for by 
the remarkable way in which the Lower Oolites of Yorkshire were 
deposited. On the other hand the relation of the Inferior Oolite 
of the south of England to the Lincolnshire Limestone is as 216 
to 306, a very large number if we take into consideration the con- 
ditions of deposition and the extended development of the Southern 
Oolites. To make the Tables of greater value, I append another 
(XIII.) with the number of genera added; it will also keep up the 
uniformity of the series for reference. 
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Taste XII. 


North-east Oxford- | North Northampton- 
Geological Horizons. Cotteswold Hills. shire, and South shire and South South Yorkshire. 
Northamptonshire. Lincolnshire. 


eS 


Middle Oolite .........\Oxfordian .............../Oxford Clay with Kel- 


a 


Oxford Clay,with Sandy|Sandy strata with Ox- 


laways Rock at its) |} Oxford Clay ...... beds representing} fordian fauna. 
base. Kellaways Rock at its 
base. 


Cormbrash: ....s.cse.1ee2| COMMDLASID ane eeen sine COLMDLASI) Gavssrenesenes| © ODMULAS IN sr ivan oe.|B SONG, 
; ‘|Forest Marble and Thin argillaceous beds. 
Great Oolite as Bee ee Bradford Clay. } stoi anenine cs ah Great Oolite Clays. absent. 
: ta ee tereceseeeerereees | (Great Oolite Limestone|Great Oolite Limestone|Great Oolite Limestone. 
Great Oolite, Lower { Great Oolite Limestone/Upper part of  the|Upper Hstuarine series.jabsent. 
( ZOOS apehacconeis teorae with Stonesfield Slate| Northampton Sand. 
Upper and Lower Ful- 
ler’s Harth with the| | absent ............:.006.(MOSOME ...1.....00000ers+.. ASent. 
Fuller’s-earth rock. 
( |The Ragstone of the In-| \ 
ferior Oolite, includ- 
: ing the Trigonia Grit, 
( Aan ae: Par the Gryphite -Grit,| babsent ...........:100++-[ADSONE ......ssereereeeee ss (ADSENE, 


Transition series ......|Huller’s earth ...... 


and the Chemnitzia 
(| Grit. ) 
\ The Upper Freestone...jabsent .........csccseeeeees/ADSONt ......seeeeeveneeee es (ADSENE, 


Sands and  Lime- 
stones of Oave &e. 


Zone of Am. Hum- 
PRVESIANUS . 0.000006 
Zone of Am. Sowerbyi |The Oolite Marl........./absent .....................|Lhe Lincolnshire Oolite 
Zone of Am. Murchi-) |The Lower Freestones| | Lower portions of the/The NorthamptonSands 
NB PPRIOICh no Sonatcr he dant } of the Pea-grit ...... i Northampton Sand 
Transition series ......|Midford Sand......... { (C&P Hal mpage hed atti 
|| Sands. 


Liias ......sssceseeeseeee(Zone of Am. communis [Upper Lias Clay ......|Upper Lias Clay ......,Upper Lias Clay ....../ Upper Lias Clay. 


Lower Oolite ...... 
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Taste XILI.—Showing the Comparrson between the Inferior Oolite of 
the Midland Counties and that of the S. of Eng gland and Yorkshire 
and the Great Oolite of the W. of England. 


Inferior Oolite of the 
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Ammonites......... , 8 ; a 
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Belemnites ......... f “ ¥ 2 
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DVS PUUTE co cieaen wae 2 
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306 read 243 216 92 133 


The four members or divisions of the Great Oolite of the Midland 
district are :-— 
1. The Upper Estuarine series. 
2. The Great-Oolite Limestone. 
3. The Great-Oolite Clays. 
4, The Cornbrash (Limestone). 


a. The Upper Estuarine is on the same horizon as the Stonesfield 
Slate. 

b. The Great-Oolite Limestone is an extension of the calcareous 
group of the south. 

c. The Great-Oolite Clays represent the Forest Marble and Brad- 
ford Clay. 

d. The Cornbrash is the same distinct stratum known all phyoage 
England. 

These four divisions demand from the paleontologist careful 
analysis. The Limestones are eminently characterized by their 
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special faunas. Everywhere in this area Ostrea Marshu, Echino- 
brissus clunicularis, Avicula echinata, Gervillia aviculoides, Tere- 
bratula obovata, T. ornithocephala, Ammonites macrocephalus, <A. 
Herveyi, and A. discus characterize the Cornbrash. The Great- 
Oolite forms are equally distinct and important—Ostrea Sowerby, 
O. subrugulosa, Clypeus Millert, Terebratula maxillata, Rhyncho- 
nella concinna, Homomya gibbosa, Nautilus Baberi, N. hexagonus, 
and NV. subtruncatus being in this group the dominant forms. 

Urrrer Estuarrne Szrres.—Nothing in the south and south-west 
of England resembles these beds: they show an alternation of 
marine and freshwater conditions, such as would now take place 
under elevation or depression in the estuaries of rivers; but few 
fossils accompany these clays and sands; they cover but small 
areas, and often occur in pipes let down into the underlying strata*. 
We are indebted to Prof. Morrisy for first determining the estuarine 
character of the beds above the Lincolnshire Limestone. Morris 
identified Cyrena (C. Cunninghami), Unio, and Paludina, 

Great-Oorire Liwestonr.—The upper zone of the Great Oolite, 
here as elsewhere in England, is remarkably uniform in character 
in its range from Gloucestershire to Mid-Lincolnshire ; in the latter 
area it thins out, and finally disappears before reaching the 
Humber. A considerable proportion of the species also occur 
in the Cornbrash, no less than 119 species uniting the Cornbrash 
proper with the Great Oolite of the Midland district. The chief 
fossil localities noticed in the Rutland memoir are of necessity 
those in which the type forms exist ; the present agreement of the 
species from each locality is a coincidence not to be overlooked ; 
and it will be seen, on consulting Table XIV., that only the Lamel- 
libranchiata form a large and characteristic fauna. All the other 
groups are represented by one, two, or three species each ; throughout 
the whole of the 10 localities (5 Great Oolite and 5 Cornbrash), only a 
single Coral, Anabacia orbulites, seems to have been recorded in any 
Great-Oolite or Cornbrash locality; with the exception of Rushden, 
none of the localities have yielded any. The Echinodermata 
found in the Great Oolite are only Echinobrissus clunicularis, E. 
simuatus, and Pygaster semisulcatus; no Crustacea, Bryozoa, Am- 
monites, or Belemnites have been recorded, and only one Nautilus 
(NV. Babert). On the other hand the Bivalve Molluscan fauna is large. 
The five Great-Oolite areas yield a recurrent fauna of 75 genera, or a 
mean of 15 for each locality ; the species 190, or 40 for each of the 
five localities. This shows that the species have not been rigorously 
searched for. We may say that the Gasteropoda are hardly repre- 
sented; for we know of only 5 species, Natica neritordea, N. globosa, 
Nerinea funiculus, N. Volizu, and a Monodonta, for the whole 5 
localities. The Brachiopoda are individually numerous, but the species 
few: the two genera are Terebratula and Rhynchonella ; 8 species 
are all that have occurred in both genera. 

* See the clear description of these beds in Prof. Judd’s memoir, loc. cit. 


pp. 188-200, with reference to sheet 64 of the Geological-Survey map. 
t Quart. Journ. Geol. Soc. vol. ix. p. 338. 
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TABLE XIV. 
Great Oolite. Cornbrash. 
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Comparison between the Great Oolite and Cornbrash of Nor- 
thamptonshire is given in the above Table. The-last column for 
Yorkshire is added for comparison, and will show how much richer 

the Northern Cornbrash than that of Northamptonshire &e. 

The absence of corals may account for the non-oolitic character 
of the Great-Oolite Limestones, a marked feature throughout the 
series under notice. 

Cornprasu.—Ilt is doubtful whether the Cornbrash of Yorkshire 
is on precisely the same horizon as that of Lincolnshire and North- 
amptonshire. It retains its general and uniform limestone cha- 
racter from Dorsetshire and Gloucestershire, and disappears under 
this condition before reaching the Humber. At Brigg it is hardly 
distinguishable from the thin overlying Kellaways Rock, both hori- 
zons not being 5 feet thick. Prof. Phillips fully notices the 
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Cornbrash fauna in Oxfordshire, naming 74 species—and associated 
with it 153 Great-Oolite species from the Oxford area, 50 of which 
are also Cornbrash and mostly from Islip. The fauna distri- 
buted through the Cornbrash of five chief localities noticed in the 
Rutland memoir is most variable (Midland Oolites). It numbers 
30 genera and 68 species at Stilton, 36 genera and 64 species at 
Rushden, 16 genera and 32 species at Oundle, 18 genera and 23 
species at Bourn, and 15 genera and 19 species at Manthorp. ‘The 
Yorkshire type is far more prolific. Leckenby, in his paper on 
the Cornbrash of Yorkshire, enumerates no less than 70 gencra 
and 135 species. As everywhere else, the Cephalopoda are re- 
duced to a minimum, only 1 species of Ammonite (A. Hervey), 
1 Belemnite (B. tornatilis), and 1 Nautilus (NV. hewagonus) being 
known. The Oxford deposit shows the same fact. Table XIV. shows 
the fauna of the two horizons for the Midland districts ; Yorkshire 
is added for comparison here, and may induce research into the 
causes which led to its great development, change of character, 
and greatly increased fauna N. of the Humber, and the sudden 
change from the sandy Upper Estuarine and plant-bearing beds to 
a caleareous zone about 5 feet thick with so rich a fauna. 


The late sub-Wealden exploration has done much for our know- 
ledge of the Upper Jurassic rocks of Britain; it has especially 
altered our views as to the nature, subdivision, and thickness of the 
Kimmeridge Clay of England. 

In 1875, the Rev. J. F. Blake, M.A., read before our Society his 
paper “ On the Kimmeridge Clay of England.” Since the memorable 
memoir of Dr. Fitton on the strata below the Chalk, nothing seems 
to have been done with the beds of the Oolitic group immediately 
above the Corallian beds. Damon, in his ‘ Guide to the Weymouth 
District,’ devotes some space to this member of the Upper Oolite ; 
and the late sub-Wealden exploration did much towards adding to 
our knowledge of the thickness and fossil contents of the Kimmeridge 
beds of Sussex below the Wealden series. On the continent 
close study and analysis has resulted in separating the Kimmeridge- 
clay group into 3 zones :—the lowest, that of Astarte supracorallina, 
or the Astartian zone ; the second or middle, that of Péerocera Oceant, 
or the Pterocerian zone; the third or upper is either referred to or 
included in the zone of Trigonia gibbosa, in the Portland strata, 
or separated as the zone of Hwogyra virgula, or the Virgulian 
zone. The names Astartian and Pterocerian have much signi- 
ficance, as bearing upon the correlation with the same beds of 
the continent—not that we must lay too much stress upon a few or 
certain species as definitely fixing the horizons of two areas widely 
separated. 

In the Kimmeridge Clay this is to be observed and borne in 
mind. Although, broadly speaking, certain portions are recognized 
and separated by their general and, at times, special assemblage of 


fossils, yet many that are in one locality and portion highly cha-_ 
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racteristic, are absentin that portion in another, and may characterize 
instead either a higher or lower zone. 

Thus, as stated by the author, the well-known “ Hwoyyra virgula 
in the Jura bernois and elsewhere is characteristic of the upper 
portion ; at the Cap de la Héve [Dept. Seine-Inf., N.W. of Havre] 
it occurs throughout; and in England it is wanting only in the 
upper part, or sometimes, as in Lincolnshire, appears to be absent 
entirely.” So, again, the still better-known or more conspicuous 
“* Rhynchonella inconstans, which is the characteristic species of the 
lowest beds in England, in the environs of Montbéliard is found in 
all but the lowest, and most frequently at the top, and has not been 
met with in the sub-Wealden boring,” although it was believed, 
through other fossils, that we were near the base. Mr. Blake there- 
fore suggests that ‘on account of this peculiarity of the distribution 
of the Kimmeridgian fossils, it is better to use the more general terms 
Lower, Middle, and Upper.” 

The chief object of Mr, Blake’s paper is to show into what 
paleontological and lithological subdivisions the Kimmeridge Clay 
may be naturally separated through a study of its features in the 
field. Mr. Blake shows that there are only two divisions or sets of 
beds which are sufficiently distinct to justify their separation under 
different titles. The upper division, “ Virgulian,” agrees with that 
of Dr. Waagen; but our lower includes his middle region and 
part of his lower; ‘ while the remaining part of his lower region, 
and possibly part of his zone of Cidaris florigemma, constitute a series 
of beds which, from their containing as much of a Corallian as a 
Kimmeridgian fauna,” Mr. Blake designates the ‘“ Kimmeridge 
Passage-beds” (loc. cit. p. 197). 

Mr. Blake’s paper therefore embraces the history of the Kim- 
meridge Clay through three divisions— 


1. The Upper Kimmeridge, 
2. The Lower Kimmeridge, and 
3. The Kimmeridge Passage-beds. 


Tue Urrer Kimuerrwer Cray (Virgulien of foreign authors) 
differs essentially both lithologically and paleontologically from the 
zones below. ‘This division is developed in Lincolnshire and Dorset- 
shire; and in it exclusively occur the bituminous shales, paper shales, 
and cement stones. These beds contain but few species, but an infinity 
of individuals. Compressed Ammonites, Discina latissoma and 
Lucina minuscula, cover the leaf-like planes of deposition. Mr. Blake 
appends a complete and measured section of the thickness of the 
Kimmeridge-clay beds at Kimmeridge Bay, where they are exhibited 
to the extent of 650 feet, probably the maximum in any exposed 
section. Cardium striatulum, Discina latissima, and Lucina minuscula 
occur throughout; Hxogyra virgula occurs near the base of the 
upper shales ; Ammonites biplex, Astarte lincata, Pecten lens, Avicula 
vellicata, Belemnites Sowichii, and Lingula ovalis occur in the 
upper 240 or 250 feet. Near the base of the Upper Kimmeridge 
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we also find Am. biplex, Am. Thurmanni, Astarte lineata, and Arca 
vhomboidalis. In Wiltshire, Oxfordshire, and Buckinghamshire 
the Upper Kimmeridge appears to be very thin. At Swindon and 
Hartwell there is little room for it between the Lower Kimmeridge 
and the Portland Sand. ‘The great pit at Ely shows but little 
Upper Kimmeridge in vertical thickness; and, as in Lincolnshire, 
the chief fossils are Discina latissima, Cardium striatulum, and 
LIncina minuseula. Am. serratus and the abundance of Lawogyra 
virgula mark the commencement of the Lower Kimmeridge, or the 
passage from the Upper to the Lower. 

Mr. Blake has prepared a sketch map showing the geographical 
position of various pits in the Kimmeridge Clay of Lincolnshire, 
ranging from Ferriby in the north, to Horncastle and Spilsby in the 
south. Numerous fossils occur, some 15 species having been col- 
lected by Mr. Blake. Prof. Judd records the Kimmeridge Clay at 
Filey Bay, where it is exposed at certain times below the ordinary 
low-water mark. Mr. Leckenby also has collected Ammonites from 
Filey Bay; but the fauna, small as it is, possesses quite a facies of 
its own. Mr. Judd records the following species from the Upper 
Kimmeridge of Filey Bay— Ammonites biplex, several species of the 
group Planulati, Ostrea, sp., Inoceramus, sp., Cardium, sp., many 
bivalves, Discina latessima, Lingula ovalis, Ichthyosaurian vertebree 
(Quart. Journ. Geol. Soc. vol. xxiv. p. 239). The Upper Kimmeridge 
fauna numbers 21 species; 14 are peculiar, and 7 are common to 
lower and higher beds. 

Tue Lower Kimmertpcr.—Mr. Blake does not admit the Middle 
Kimmeridge division of Waagen for England, although granting that 
the deposition of the beds may have been continuous and some of 
them contemporaneous with the Middle period. The special fauna 
of the Middle series abounds in Gasteropoda of the genera Pterocera, 
Nerinea, Natica, and Chemnitzia, together with many varieties of 
Panopea and Pholadomya. ‘“ Only the discovery of such a fauna,” 
says Mr. Blake, “‘ would justify the recognition of Middle Kimmeridge 
beds” (loc. cit. pp. 204, 205}. Prof. Judd, however, following Waagen, 
has enumerated about 24 species as coming from the Middle Kim- 
meridge of Filey Bay, viz. 2 Belemnites, 7 Ammonites, A. biplex, 
A. mutabilis, A. triplicatus, A. Marantianus, A. yo, A. Berryeri, and 
A, sp., Ewogyra virgula, H. nana, and 9 genera and. species of 
Bivalves, Rhynchonella, &. From the Lower Kimmeridge of 
Speeton Prof. Judd obtained only Am. alternans and Rhynchonella 
inconstans (Quart. Journ. Geol. Soc. vol. xxiv. p. 240). 

The Lower Kimmeridge is best studied in Lincolnshire, where it 
agrees with the Dorsetshire type. At Horncastle 17 species have 
been collected, all of which elsewhere in Lincolnshire are associated 
with Am. serratus. The peculiar fossils here are Hostellaria mo- 
sensis, Cerithium cerebrum, Astarte supracorallina, Avicula edilig- 
nensis, Pecten Gremert, Corbula Deshayesia, &e. Kast of Brigg and 
the Wrawby cutting I obtained many of the species named by 
Mr. Blake. The Market-Rasen pits yield a large fauna ; no less than 
46 species have been obtained from them, representing 31 genera. 
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Repuibien, 2.045 tx 2 genera and 2 species. 
Ammonites .... 1 “s Ores 
Belemnites .... 1 “ ibe 2 seas 
Gasteropoda.... 6 2 ome ae 
Dimyaria, ..... 12 fe LG hy 
Monomyaria... 6 5 LO aes 
Brachiopoda.... 2 be i gas 
Crustacea...... il ba iy pate 
31 46 


Comparing the Lower Kimmeridge of other counties with this typi- 
cal development in Lincolnshire, Mr. Blake includes also the whole 
of the Middle Kimmeridge of Filey Bay in this Lower division. He 

regards the base of the Ely pit as Lower Kimmeridge on account 
of its contained fossils, such as Am. serratus, A. longispinus, Arca 
rhomboidalis, Astarte ovata, Serpula tetragona, Avicula edilignensis, 
Pecten Gremeri, and Lingula ovalis. Mr. Blake also adds a list of 
16 genera and 21 species which occur in the Kimmeridge Clay of 
Swindon. ‘This is the first time any notice has been given of Kim- 
meridge-clay fossils from that locality ; and so with Wootton Bassett : 
the Lower beds there yield 13 species, all Swindon forms. Near 
Weymouth the dark clays have yielded 33 species—Reptilia 1 spe- 
cies, Pisces 2 genera and 2 species, Ammonites 3 species, Gasteropoda 
4 genera and 5 species, Dimyaria 11 genera and 14 species, Mono- 
myaria 6 genera and 6 species, Brachiopoda 2 genera and 2 species. 

The Passage-beds of Blake have their type-locality at Weymouth, 
and are sandy stratified beds extremely rich in fossils. They appear 
to be, according to Dr. Waagen, the equivalent in part of Dollfus’s 
‘“‘Calcaires a trigonies” of the Cap de la Héve ; they are the Kim- 
meridge Grit of Damon; Waagen also includes part of them in the 
Upper Calcareous Grit. 

Mr. Blake finds no indication of such beds where the Coral Rag is 
absent, as in Lincolnshire; but in the presence of that formation 
they are everywhere developed. This would incline Mr. Blake 
to attach them to the Coral Rag rather than to the Kimmeridge 
Clay. 

The Sandsfoot-Castle section near Weymovth has yielded 44 
genera and 63 species from two thin beds; a few supplemental 
forms bring the list up to 72 species: 29 are peculiar; 13 are 
common to it and the Coral Rag; and 20 pass up into the Kim- 
meridge Clay—10 appearing from lower beds, including probably 
some of the peculiar forms. The same conditions, both lithological 
and paleontological, are repeated at Osmington Mills and Ringstead 
Bay. 

i Blake, in concluding his able paper, recapitulates the main 
points at which he had arrived; and of that summary the following 
is an abridgment :— 

1. ‘The Kimmeridge Clay in England is divisible into two sections, 

Upper and Lower, and, when preceded by the Coral Rag, 
possesses at the base the Kimmeridge Passage-beds. 
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2. The Upper Kimmeridge is comparable to the lower portion of 
the Virgulian group of foreign authors. 

3. All the great Saurian remains from near Kimmeridge belong 
to this portion of the series; the Paper-shales, Paper-slabs, 
bituminous shales, and cement-stones reach a thickness of 
650 feet. 

4, No distinct fauna, comparable to that of the Middle-Kimme- 
ridge or Pterocerian group, has yet been discovered in 
England, though several of the less peculiar fossils of that 
group are found associated with Lower-Kimmeridge forms. 

5. The Lower Kimmeridge is a mass of blue or sandy clay very 
little stratified, with numerous calcareous doggers. It is 
largely developed in Lincolnshire, where it shows well- 
marked regions, which exhibit, however, such a gradual 
community of fossils that they cannot be made the basis of 
subdivision, but must be considered local features. The 
whole represents the Astartian group of foreign geologists. 

6. The fauna of this section will be found to have been consider- 

ably added to. 

. The Kimmeridge Passage-beds are developed only in the pre- 
sence of the Coral Rag, whose fossils ascend into them, but 
not to any appreciable extent above. 

8. They are typically developed at Weymouth, where they are 

about 20 feet thick. 


~I 


In January 1877, the Rev. J. F. Blake, M.A., F.G.8., and W. H. 
Hudleston, Esq., M.A., F.G.S., laid before the Society their paper 
“On the Corallian Rocks of England”*. Probably no more im- 
portant paper had yet appeared upon the upper part of the Middle 
Jurassic rocks of England, exhaustively written, ably argued, and 
eminently practical. No less than five districts are described in 
every possible detail, viz.:—1. The Weymouth district; 2. The 
North Dorset district; 3. The North Wiltshire, Berkshire, and 
Oxfordshire range; 4. The Cambridge reef; and 5. The Yorkshire 
basin, this last embracing four subdistricts or areas. 

The authors show that the strata from the Oxford Clay to the 
Kimmeridge Clay were one continuous deposit, which, physically 
considered, has been termed a “ great pelolithic formation ” quietly 
laid down slowly or quickly in the areas named, subject to altera- 
tions in the physical conditions, which changed the character of the 
deposits. That these changes are local is proved by the discon- 
tinuity and variable nature of the deposits, showing also that they 
were not all contemporaneous, or indicative of a period termed 
Corallian, “for all or any of the coral deposits that have been formed 
between the commencement of the Oxfordian and the close of the 
Kimmeridgian epoch.” 

The “Coral Rag” of England, as these rocks were ori iginally 
designated by William Smith from their development as such in the 
area studied by him, have now, through minute and careful re- 


* Quart. Journ. Geol. Soc. 1877, vol. xxxili. pp. 260-405. 
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search, been divided into Upper Calcareous Grit, Coralline Oolite, 
and Lower Calcareous Grit, as developed in Yorkshire; we must 
not assume, however, that rocks of “ similar lithological character 
are the equivalents of each other in different localities.” 

The influence that physical conditions have upon the contained 
fauna has been much overlooked by paleontologists. The resem- 
blance, if not identity, of many Corallian species with those be- 
longing to the Great or the Inferior Oolite proves that much of the 
peculiarity of the Corallian fauna is due, not to the lapse of time, but 
to the conditions of deposition or the persistence of certain physical 
features favourable to the continuity of that life which commenced 
in an earlier stage. ‘* Nevertheless Paleontology does not fail us 
as a guide, and there are still a sufficiency of forms, above the in- 
fluence of physical conditions, which indicate satisfactorily by their 
association the relative age of the deposits”*. The authors en- 
deavour, through the physical conditions under which each deposit 
was formed, to estimate the contained fauna at its true chrono- 
logical value, not, however, omitting the history of the beds con- 
taining them. 

The areas studied and described in the paper are of unequal 
magnitude, as would be expected; and Messrs. Blake and Hudleston 


state that in the description of these five areas their endeavour was 


to: study the development, physical conditions, and correlations of 
the Corallian beds, and not their pure stratigraphy. 

The Weymouth district affords three distinct opportunities for 
studying the Corallian beds—the neighbourhood of Weymouth, on 
the east at Osmington, and on the west near Abbotsbury. The 
authors employ local names to designate their horizons; and from 
the Caleareous Grit (‘‘ Nothe Grits” of the Weymouth area) they 
enumerate 23 species—2 Cephalopoda, 3 Gasteropoda, 15 Lamelli- 
branchs, 2 Annelids, and 1 Crinoid (a few species here ally the 
Oxfordian with the Corallian group); other (6) species occur to 
increase the fauna to about 30. 

The succeeding ‘“ Nothe Clays” have yielded 16 species, 12 of 
which are bivalves, still having an Oxfordian facies. The “ Ben- 
cliff Grits” east of Sandsfoot Castle, 20 feet thick, contain few fossils, 
Gervillia aviculoides, Hxogyra nana, and Trigonia corallina being 
most characteristic. 

The Marls and Oolites of Osmington (“ Osmington Oolite”) con- 


tain 17 species—12 bivalves, 4 Gasteropoda, and the well-known ~ 


Echinobrissus scutatus. 

The Trigonia beds (Coral-Rag beds) of Weymouth and Osmington 
named in the paper number 70 species—2 species of Ammonites, 
17 Gasteropoda, 48 Lamellibranchs, 5 Echinodermata, and 3 Acti- 
nozoa: 8 other species are added from another locality (thus in- 
creasing the fauna to 78); 5 of these are bivalves, 2 Kchini, and 
Ammonites plicatilis. 

The Sandsfoot-Castle beds (the “‘ Kimmeridge Passage-beds”) 
show that their fossil contents were entombed on the actual spot 

* Vide Introduction to Messrs. Blake and Hudleston’s paper, Joc. cit. 
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“« where sponges luxuriated,” and were accompanied by “‘ the great 
LIima pectiniformis.” The authors found in these beds no less than 
34 species, 23 of which were Lamellibranchs, with the 2 charac- 
teristic Brachiopoda, Discina Humyphriesiana and Lingula ovalis, 
accompanied by Cidaris florigemna, C. Smithir, and Echinobrissus 
scutatus. Only 2 species of Gasteropoda occurred—Plewrotomaria 
Minsteri and Lnttorina pulcherrima. 

The great deposit of the Abbotsbury Ironstone (hydrated ferric 
oxide), containing especially Rhynchonella corallina and Wald- 
heimaa lampas, yielded to the authors 30 species, the 5 Brachiopoda 
indicating Kimmeridgian affinities, or a close approach to that 
horizon. Messrs. Blake and Hudleston truly say that there is 
nothing specially ‘‘coralline” in the rocks of the Weymouth area as 
connected with corals; and the term ‘Coral Rag,’ which is an 
essentially lithological name, is here especially inappropriate. Only 
in one limited area does such a rock occur in the whole district. 

The authors next discuss the Corallian rocks of the North-Dorset 
area. The Great Sturminster railway-section afforded the key to 
the whole district*. The sections at Gillingham, Cucklington, 
Todbere, and Langham all show how little calcareous grit occurs 
among the more argillaceous series of this region: and the absence 
of Cidaris florigemma is significant ; it has never occurred in the 
rubbly limestones of the Sturminster section. About 40 species 
have been determined from the sections above named. 

Next in importance is the long and narrow exposure in North 
Wiltshire, Berkshire, and Oxfordshire; the rocks occur in many 
small areas, and have distinctive characters. 

The Westbury Corallian beds consist chiefly of the iron-ore and 
its associated fossils, which are few. 11 species are enumerated in 
the authors’ paper, most of which I have also obtained at the 
extensive excavations. ‘The Steeple-Ashton beds may be on the 
upper horizon of the Oxfordian group; 18 species are named, 14 of 
which are Lamellibranchiata. 

From the well-known Calne district Messrs. Blake and Hudleston 
obtained a large fauna; the OCidaris-florigemma Rag contained, at 
Hilmarton, 28 species. 

The Coralline Oolite and Cale Grit of Highworth contain a fine 
assemblage of fossils (37 species). ‘The Corallian rocks in the neigh- 
bourhood of Faringdon, and at Marcham, Cumnor, Headington, and 
Wheatley are described, and the special faunas of these localities are 
given by the authors. The most singular exposure of the Corallian 
Rocks occurs at Upware, between Cambridge and Ely. These beds are 
probably the highest in the Corallian series ; on them lie the phos- 
phatic nodules and sands of the Neocomian beds. The corals and 
other fossils undoubtedly prove this Upware exposure to be “ Coral 
Rag.” It is peculiar in its lithological characters ; and the irregu- 
larity of the bedding is indicative of its “ reef-like character,” to 
which condition, and not entirely to denudation, Messrs. Hudleston 
and Blake attribute its termination. No Ammonites have yet oc- 

* Loc. cit. p. 276, for section and description. 
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curred; 6 species of Gasteropoda, Chemnitzia heddingtonensis and 
Cerithium muricatum being amongst the number; 15 genera and 
21 species of Lamellibranchiata; Cidaris florigemma, the only 
species illustrating the Echinoidea; with 4 typical Corals, Tham- 
nasirea, Isastrea, Monthvaltia, and Rhabdophyllia. There is no 
indication of the Lower Calcareous Grit. 


Tue YorRKSHIRE BASIN. 


130 miles north of Upware the Coral Rag of Yorkshire makes its 
southernmost appearance. 

The authors subdivide the Yorkshire Corallian area into four 
districts—(1) the Scarborough, (2) the Pickering, (3) the Ham- 
bleton, and (4) the Howardian districts. 

The Scarborough district is most ably described by the authors, 
both in this communication and by one of them (Mr. Hudleston) 
in a paper read before the Geologists’ Association (vol. iv. p. 353 
et seqq.). The fine section at Filey, a little to the north of the 
Brig, exposes the Upper Calcareous series and the Filey-Brig 
Cale-grit, the Lower Calcareous: series, and the Lower Calcareous 
Grit proper. The first is in two divisions, and about 13 feet in 
thickness: the upper (No. 1) contains few fossils; from the second 
(No. 2) 23 species were obtained— 


Ammonites Geeei.'s «|: 4 species. 

Gasteropoda ........ A Tee 

Lamellibranchiata.... 15 ,, 
23 


The Ammonites are all characteristic, A. cordatus and A. perarmatus 
being the chief forms; they are associated with Chemuitzia hedding- 
tonensis, Littorina muricata, Gervillia aviculoides large and abundant, 
and Pholadomya decemcostata. The Filey-Brig Calce-Grit is 10 feet 
thick, and composed of massive yellow calcareous grit, characterized 
by a large Ostrea, var. of O. bullata. 

The Lower Calcareous series is divided into two groups, the 
upper 15 feet, the lower 11 feet thick. 25 species occur in the 
lower group. No Gasteropoda seem to occur here; but there are 
10 Lamellibranchiata, 4 Brachiopoda (the characteristic Rhyncho- 
nella Thurmanni being abundant, and 6 species of other groups, 
with Waldheima Hudlestona and W. bucculenta), and 5 genera and 
5 species of Echinodermata. 

The Lower Calcareous Grit proper is about 60 feet in thickness, 
and occupies the base of the section. The soft calcareous sands 
contain huge ball-stones with nests of fossils. Trigonia triquetra, 
Pinna lanceolata, Ostrea sohtaria, &c. occur in the upper division. 
The lowest part of this Lower Calc-grit is rich in fossils—Ammo- 
nites perarmatus, A. cordatus, Perna quadrata, and <Astropecten 
rectus ; below is the Oxford Clay (Joc. cit. pp. 315-319). 

The authors carefully describe the Corallian series in the interior 
of the country, illustrating, through the gorge of the Derwent at the 
Forge valley, a complete section of the whole Corallian series from 
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the Upper Limestones to the top of the Lower Calcareous Grit, a 
thickness of 136 feet. This Forge-valley section is more complete 
than those exposed on the coast. The characteristic fossils Cylin- 
drites elongatus, Gervillia aviculordes, and Rhynchonella Thurmanna 
occur in the White Quarry or upper portion of the Lower Lime- 
stones. The authors correlate the Oolites of Scarborough Castle 
Hill with the Lower Oolite of the Forge-valley section, the fossil 
remains confirming this. The Seamer district (Seamer, Ayton, and 
Brompton) have yielded a large fauna: 38 species, 14 univalves, 
19 bivalves, 3 Echinoidea, and 2 Corals are catalogued; but the 
Crossgates quarry yields others, these being the most characteristic. 
The remarkable outlier at Hackness, which exhibits the whole Coral- 
lian system resting on the Oxford Clay which passes down into the 
Kellaways Rock, is described. The following series occurs in “ Silpho 
Heights :”— 


1. Upper Calcareous Grit. 
Upper (3 Upper or true Coral Rag. 
Limestones. | 3. Coralline Limestone (Bell-Heads Limestone). 
4. Gritty limestone and sandy beds (Middle Calcareous Grit). 
oo 5. Lower Oolite series. 
coe oa 6. Lower Coral Rag. 
* | 7. Basement or Passage-beds. (In all about 80 feet.) 


These beds are separately described, and their fossil contents eaeD 
for the chief forms (about 30 species). 


Tue ProkERiIne District. 


This classical area receives most careful attention, and is exhaus- 
tively treated. A complete section of all the Corallian beds is seen 
in the gorge of Newtondale, at the outlet of which lies Pickering. 
The upper portion is, as the authors say, magnificently displayed in 
the numerous quarries near the town. The succession is as follows 
in the deep gorge of Newtondale :— 


SUEACOLAM IMG DOGS. wis 5 soeliaenstis sional ser sie 20 
Wippen bamestomes <5. :.).., «. <oWeey pais nied b sps,« 50 
Trigonia beds and Middle Calcareous Grit.. 45 
Tower dimesbones, «..x4.5:.hoebeamy eid a xt! 2,¢ 60 
Ditto, including basement or Passage-beds. 30 
Tower CaleareoussGriti .j.06i4- 40% (say) 100 
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A generalized section of the Pickering beds is given on p. 335, 
and also a detailed description of the Upper, Middle, and Lower di- 
visions, or the Supracoralline beds, Upper Limestones, and the Shell- 
beds and grits (Middle Calcareous Grit in part). The most richly 
fossiliferous of all the divisions is that of the Shell-beds and grits 
(Middle Calcareous Grit); nearly all the fossils in collections marked 
Pickering are from this horizon. 36 species were obtained by the 
authors from the three Z’rigonza-beds in this lower group. Trigonia 
perlata, T. Meriant, Chemnitzia heddingtonensis, Littorina murieata, 
Cerithium muricatum, Gervillia aviculoides, Cucullea corallina, Avi- 

VOL, XXXVIII. k 


II4 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 


cula ovalis, Cidaris Smithii, Echinobrissus scutatus, &c., are amongst 
the forms that abound. The fossils collected from the Upper Calca- 
reous Grit of Pickering number 26 species, 19 of which are bivalves. 
Details are given on p. 347 of the fine section at Sinnington in 
the Upper Limestones of the middle division of Pickering (loc. cit. . 
pp. 333-340). 


Tue HameBreton District. 


This extensive area is now clearly understood through the re- 
searches of Messrs. Blake and Hudleston. They describe five 
horizons or subformations, tracing them over a distance of eight 
miles, namely :— 

1. Lower Calcareous Grit, ) 
2. Hambleton Oolite, 
3. Middle Calcareous Grit, >Corallian. 
4, Coralline Oolite, 
5. Upper Calcareous Grit, 
Kimmeridge Clay. 


The characteristic fossils are given in the description of the five 
horizons ; neither time or space will allow me to follow the authors 
through their careful analysis of the physical structure of the county 
or their deductions from the organic remains. ‘The fossils from the 
Coral Rag, the Calcareous Grits, and Coralline Oolites are given 
from several quarries and cuttings of Oswaldkirk Hagg, Ampleforth 
Beacon, Nunnington, and Canklass End; about 30 species have oc- 
curred to Messrs. Blake and Hudleston in their researches through 
the Corallian beds of the Hambleton district. 


Tuer Howarpian HItts. 


This fourth district in the Yorkshire Corallian area embraces the 
inner portion of the range of hills which bounds the Vale of Pick- 
ering to the 8.W. ‘The authors here base the sequence of their 
stratigraphical succession chiefly on palzontological grounds, owing 
to the more complicated nature of the rocks than in the ‘‘ more 
massive tabular range” to the north and north-east. Less attention 
is paid by them to the petrological condition of the groups, on ac- 
count of this more complex nature of the area. 

The authors divide the Howardian ‘area into two districts, one 
west of the Derwent, the other east of that river. Commencing 
with the “ Lower Calcareous Grit and Passage-beds” west of the 
Derwent, and in the Park quarry, Castle Howard, the presence of 
Ammonites perarmatus shows their position to be low down in the 
Lower Calcareous Grit. Am. cordatus and Am. vertebralis also occur 
in these beds; it is the horizon of the large Aptychi and phragmo- 
cones of large Belemnites (B. abbreviatus). The Passage-beds (Middle 
Grits and Lower Limestones of Mr. Fox Strangways) between the 
Lower Calcareous Grit and Coralline Oolite, containing the large 
Trigoma Meriani, Pholadomye, and Pecten intextus, here receive 
notice. The Coralline Oolite and Coral Rag of Malton are most care- 
fully analyzed, the former, in its lower division, holding the well- 
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known Chemnitzia-beds (C. heddingtonensis) with Nerina Goodhall, 
Phasianella striata, Cerithium muricatum, Inma leviuscula, &c. It is 
from the upper part of this division (the Coralline Oolite) that the 
new and remarkable Araucarian fruit (cone), Araucarites Hudle- 
stont, Carr., was obtained. Mr. Carruthers, F.R.S., to whom this 
cone was submitted, places it in the section Colymbea of the genus 
Araucaria, now represented in South America, Australia, and New 
Caledonia. The Inferior-Oolite form (A. spherocurpus) and the 
Wealden one (A. pippingfordensis) belong to the same section of 
the genus. (Vide Carruthers, Quart. Journ. Geol. Soc. vol. xxxiil. 
p. 402, appendix to Messrs. Blake and Hudleston’s paper.) 

No less than 70 species are named by the authors in the list of 
fossils from the Coralline Oolite of Malton, omitting those species 
occurring in the Coral Rag proper. Very few forms are common to 
the Coralline Oolite and the true Coral Rag above; out of the 70 
named not more than 10 occur to connect the two horizons. The 
Coral Rag proper, which overlies the Coralline Oolite, is essentially 
characterized by Cidaris florigemma, Gilypticus hieroglyphicus, Pseudo- 
diadema hemisphericum, Thecosmilie, Rhabdophyllie, &e. About 
50 species range through the Coral Rag series of the Howardian 
beds west of the Derwent. 

East of the Derwent.—This division occupies the high land of 
Langton Wold, at the southern ridge of which the Howardians 
are buried beneath the Chalk. Messrs. Blake and Hudleston state 
with truth that “there is no such display of Coral Rag elsewhere in 
England as at North-Grimston Hill, where “the Coral Rag may be 
said to culminate both as to variety and thickness of development, 
and also in the richness of its fossil contents” (loc. cit. p. 374). 
The authors give details of the Grimston-Hill section from the base 
with Lower Calcareous Grit, through the Coralline Oolite and Pas- 
sage-beds, the Coral Rag, and Supracoralline series (vide described 
and drawn section, pp. 374-381). The Mamillated-Urchin series (in 
the Coral Rag), containing Lchinobrissus scutatus, Pseudodiadema 
hemisphericum, Cidaris florigemma, C. Smithii, Hemicidaris inter- 
media, Collyrites bicordatus, Pygaster umbrella, &c. &c., receives care- 
ful stratigraphical determination. The geographical position of these 
Urchin-beds would appear to be restricted along the southern margin 
of the formation, where lithologically the beds are highly argillaceous 
and fine-grained. The North-Grimston Limestone (Coral Rag 
proper) and its splendid group of fossils are minutely described ; 
and Messrs. Blake and Hudleston append a remarkable list of the 
Langton-Grimston-Rag or Upper-Corallian fossils, in which are 
enumerated 70 species: 20 of these are Gasteropoda, 34 Lamelli- 
branchs, 6 Cephalopoda, 7 Echinoidea, &. Few corals are given, 
Thecosmilia and Rhabdophyllia are the most frequent. 

The authors then summarize the work done by them. The Wey- 
mouth area is epitomized in ascending order, the Nothe Grits 
(characterized by Perna quadrata and Pecten fibrosus) being at the 
base. Clays (the “ Nothe Clays”’) separate the above from an upper | 
grit (the “ Bencliff Grit”) having at its base huge doggers; these two 

k 2 


116 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 


divisions form the Lower Calcareous Grit. The succeeding series 
consist of Oolites and Marls, which include the ‘‘ Osmington Oolite” 
or the “ Trigonia-beds,” with T. clavellata and Cidaris florigemma. 
Above the main limestones at Weymouth succeeds 40 feet of clay (the 
“‘Sandsfoot Clay”) overlain by ferruginous sands and grits with large 
spongious growths, containing Lima pectiniformis, Cidaris florigemma, 
LInngula ovals, Littorina muricata, and Astarte supracorallina. These 
are well shown at Abbotsbury. A peculiar Upper Coral Rag is 
developed above these grits at Ringstead Bay and below the Kim- 
meridge Passage-beds. The Abbotsbury Ironstone is upon a higher 
horizon. No true Coral-reef occurs within this area; but the 
changes in the character of the deposits, on the whole thick, are 
exceptionally numerous. 

North Dorset.—The Corallian series varies considerably in this 
area, the Lower Calcareous Grit being scarcely represented in the 
southern part—Marls, and Pisolites replacing the Grits, much false- 
bedding succeeding these. In the northern portion the Lower Cal- 
careous Grit is well developed, especially near Cucklington and Gil- | 
lingham, where they gradually merge into the Oxford Clay. The 
Limestones also prevail, but are impure in character ; at Mappowder 
and Marnhull the false-bedded series are economically used, being 
burnt for lime. | 

Wiltshire and Oxfordshire Range.—The Lower Caleareous Grit is 
the most constant member of the many types that occur in this 
long belt of deposits; the iron-ore beds at Westbury in the 
southern part, like those of Abbotsbury, occupy the extreme top of 
the series. At Steeple-Ashton and Calne the Lower Calcareous Grit 
is well developed ; the chief feature at Calne is the non-development 
of any beds but those containing Cidaris florigemma. 

At Highworth the chief feature is the development, below the 
Coral Rag with Cidaris florigemma, of highly fossiliferous limestones 
with Tirngonia Merian, Lima rigida, and Ammonites plicatilis. These 
shell-beds thin out or disappear near Oxford. At Heddington ano- 
ther shell-bed, with abundance of Cidaris florigemma, occurs in the 
Coral Rag. 

The Cambridge Reef—This remarkable outlier 1s composed en- 
tirely of the Coral Rag, containing a rich and special fanna, the 
characteristic Cidaris florigemma determining its true character. 
The authors believe the Elsworth rock to be an exceptional develop- 
ment of the Lower Calcareous Grit. The Rev. T. G. Bonney, in 
his ‘Cambridgeshire Geology,’ has carefully described this “ reef,” 
and gives a list of the characteristic fossils obtained. No less than 
58 species are known—Ccelenterata 7, Echinodermata 7, Annulosa 4, 
Brachiopoda 1, Pelecypoda 23, Gasteropoda 11, Cephalopoda 5 
species. 

The Yorkshire Basin.—The Lower Caleareous Grit is the most 
constantly developed of all the Corallian deposits. In the Howardian 
hills at Grimston and Walton it is about 60 feet in thickness; in 
the western and northern hills (Hambleton and Newtondale) it in- 
creases to 100 feet. The fauna of the Lower Limestone has much 
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in-common with that of the Lower Calcareous Grit. This is especi- 
ally the case in the eastern districts ; the maximum thickness of the 
Lower Limestones near Kirkby Moorside is about 150 feet. 

The Middle Calcareous Grit is irregular and uncertain ; it occurs 
at Filey Brig. No certain indication of the Middle Grit is to be 
seen in the Howardian hills. 

The Upper Limestones (not seen on the coast) are throughout 
divisible into Coralline Oolite and the overlying Coral Rag. They 
contain peculiar fossils; east of the Derwent they are thick and rich 
in Kchinoidea and Mollusca. 

The Supracoralline beds are fully developed and regular ; in the 
arenaceous type, as Upper Calcareous Grit, they “‘ attain their maxi- 
mum thickness in the extreme western bay of the Vale of Picker- 
ing.” The Upper Calcareous Grit of Yorkshire possesses peculiar 
features, and contains a series of fossils partially Kimmeridgian. 


Messrs. Blake and Hudleston show how inappropriate is the term 
“Coral Rag” as a designation for the whole of the limestones, 
grits, and clays above the Oxford Clay, or between that formation 
and the Kimmeridge Clay. The lower beds of the “‘ Corallian group ” 
are markedly Oxfordian in the character of their fauna; and 
before the members of this fauna died out ‘‘ Kimmeridgian forms 
became their companions, and ultimately supplanted them.” Their 
researches have clearly shown‘us that it is to Yorkshire that we 
must look for our type with which to compare the rocks and fossils 
of the same group through England, ‘and thence take our general 
terms.” 

The authors conclude their elaborately worked-out paper by 
stating succinctly the leading characteristics of each of the six 
groups, and drawing conclusions from their researches (vide Quart. 
Journ. Geol. Soc. vol. xxxiil. pp. 389-90). 

Forty-nine continental species are added to the Molluscan fauna 
of the British Upper Jurassic Rocks, and 25 new species which have 
occurred to the authors in these rocks during their researches, thus 
adding to the British Upper Jurassic fauna 74 new forms. Of the 
foreign species 21 are Gasteropoda and 28 Lamellibranchiata. 


Mr. Hudleston, in the third part of his memoir on the Yorkshire 
Oolites, published in the Proceedings of the Geologists’ Association 
in October 1878, enumerates no less than 288 species of all grouyis 
as occurring in the four divisions of the Corallian Rocks of York- 
shire, viz. 


I. The Lower Cale Grit (in part) and Lower Limestone, 
II. Coralline Oolite group, 
Ill. Coral Rag, 
IV. Supracoralline. 


The Lower Calcareous Grit has yielded 100 species, the Coralline 


Oolite 124 species, the Coral Rag 138 species, and the Supracoralline 


22 species: 40 species are Oxfordian, coming up from that horizon 
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and ranging into one or other of the Corallian divisions; but only 6 
species pass to the Kimmeridgian stage above; the fauna therefore 
of the true Corallian Rocks of Yorkshire numbers 243 species. 

The grouping falls under eighteen classes, in which occur the 288 
species (omitting the Plantz, 285). 

The following Table(XV.)is the numerical result of Mr. Hudleston’s 
researches upon the Lower Calcareous grit, Coralline Oolite, Coral 
Rag, and Supracoralline beds :— 


TaBLE XV.—Showing the Fossils (numerically eapressed) of the Lower 
Calcareous Grit, the Coralline Oolite, Coral Rag, and Supra- 
coralline beds. 
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Reference is often made to Phillips’s “Geology of Yorkshire ;’ 
and when the fauna of Yorkshire was under consideration, I found it 
convenient to construct the following Table (X VI.)showing the distri- 
bution of the species through all the Jurassic formations. I insert it 
here, after the paper by Mr. Hudleston, as the most fitting place. 
Six of the seven divisions of the Mollusca play a very important part 
in the paleontology of the county, and show singular and unexpected 
results. I have added a column for the number of appearances for 
each class through the formations. Professor Phillips did not add 
much to the fauna of Yorkshire in his last edition; he chiefly cor- 
rected the nomenclature and recast the literature, the chief paleon- 
tological addition occurring among the Plante. 
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Succeeding the paper on the Corallian Rocks of England, by the 
Rev. J. F. Blake, M.A., and W. H. Hudleston, M.A., and more or 
less a companion to or continuation of the same important subject, I 
have now to notice the exhaustive paper ‘“‘ On the Portland Rocks 
of England,” by the Rev. J. F. Blake, who alone undertook this 
important investigation. Like the previous paper by himself and 
Mr. Hudleston, this interpretation of the distribution of the 
Portland Rocks has had no equal since the memorable and masterly 
memoir by Dr. Fitton “On the Strata between the Chalk and 
Kimmeridge Clay in the South-east of England” (Transactions of 
the Geological Soc. ser. 2, vol. iv. pp. 103-388). I shall have to 
notice a subsequent paper by Mr. Blake ‘“ On the Correlation of the 
Upper Jurassic Rocks with those of the Continent—Part I. the 
Paris basin,” which unites the labours of Hudleston and himself 
with those of the French geologists in a more correct reading of the 
Anglo-French Jurassic rocks, especially those of the Anglo-Parisian _ 
basin, to which his first paper is devoted. Mr. Blake and Mr. 
Hudleston, in the introduction to their paper upon ‘the Corallian 
Rocks of England,” regarded the Portlandian as a local development 
in a great ‘ Pelolithic” formation, determining not to extend the 
term “ Corallian” to beds of probably various ages which agreed 
“ only with our own in occurring in the Oxford-Kimmeridge seas, 
and in containing corals.” Doubtless in England we had two “ epi- 
sodes,” the ‘Corallian and Portlandian.” How far the continental 
“‘ episodes” may be correlated with ours, has yet to be determined. 
It is the endeavour of Mr. Blake, in his paper, to show that the 
rocks which have been called Middle and Lower Portlandian at 
Boulogne have their representatives in the Kimmeridge Clay. He 
describes the relations of the various parts of the Portlandian episode 
with each other, thus endeavouring to obtain some ‘insight into 
those final oscillations which converted the open argillaceous ocean 
into the lake-bearing and cycad-growing continent of the Purbecks.” 

Mr. Blake divides the subject of his paper into six geographical 
areas :— | 
. The Island of Portland. 

. St. Alban’s Head and Kimmeridge. 
. Upway. 

. The Vale of Wardour. 

. Devizes. 

. Swindon. 


The Portland Oolite of Portland he divides into 9 beds, the sandy 
series below into 5, making all together 14 divisions. ach of the 
9 limestone beds possesses distinctive species; and such being the 
case, I name these and the forms illustrating them :— 
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{ (Cerithium ortlandicum (confined) ; 
Sowerbya Dukei, Buccinum nati- 
Bed No.1. The Roach, shelly }  coides, Trigonia gibbosa, Lucina 
limestone with...... : portlandica (rare), Pecten lamel- 
|  losus; Ostrea expansa, and Natica 

| elegans (abundant). 


it 24 Lhe Whit. bed. ....:... Ammonites giganteus, confined. 

oe) Oe ee: CURE os kone Ostrea solitaria, Isastrea oblonga. 

» 4 The Base bed ......... Isastrea oblonga, with its perforating 
Lithodomi. 


Gee oian obgane pean ~ Trigonia gibbosa. 
», 6. Upper part solid flint, 
lower part rubble. 


» ‘t. Serpula-bed ...........: Serpula gordialis, Ostrea multiformis. 
» 8 Main mass of flinty { Ammonites boloniensis, Trigonia gib- 
HOLIOS ia scseenicieca sens bosa, T. incurva, Perna. 


( Ammonites pseudogigas, Am. triplex, 
Pleurotomaria rugata, P. eee 
Cardium dissimile, Cyprina elon- 
ee gata, Lima rustica, Baie lamel- 
losus, Trigonia gibbosa, T. incurva, 
\ Pleuromya tellina. 
jy) £0: Blue marl). /.3... ees No fossils. 


20) Sea aed) Mytilus autissiodorensis, Pecten solt- 


Portland Stone and Sands. 


Cr  - . SS 


dus, Cyprina implicata, C. elongata, 
(cement-stone) ...... Arma ae ie 


12, Bvogyra-bed eee... { Exogyra bruntrutana (the only fossil 
occurring ). 


» 13. Yellow sandy bed ..: Cyprina implicata, Arca. 
Ammonites biplex, Naticaincisa, Lima 
ies seek! eed boloniensis, Pecten Morini, Avicula 
aay TH: y oe Sie See octavia, Trigonia incurva, T. murt- 


ay Sil nage cata, T. Pellati, Rhynchonella port- 
ae ek Te | landica, Discina Humphriesiana, 
| Pleuromya tellina. 


Kimmeridge Clay below. 


Full details of the physical character of these 14 divisions at the 
Isle of Portland are given by Mr. Blake; and regarding this on the 
whole as the type section, the other five areas named may be com- 
pared with it. 


Sr. Atpan’s Heap AND KIMMERIDGE. 


The first 10 beds in the St. Alban’s Head section can be more or 
less correlated with those of the Isle of Portland ; the beds numbered 
15 and 16 are in excess of the Portland-sand series at Portland, 
and add about 130 feet to the section. The fossils are much the 
same as in the several Portland-Isle beds, and need no comment here. 

Mr. Blake discusses the question of difference between the Bou- 
logne and Kimmeridge sections, and the introduction of the terms 
Middle and Lower Portlandian by the French geologists. Com- 
parative sections at Boulogne and Kimmeridge are given on page 
197: and the difference between the two sections is shown. The 
English Kimmeridge beds (shales and clays) show that there are 
1100 feet between the base of the Portland Stone and the lowest 
part of the Kimmeridge Clay visible (base not seen); but the total 


Portland Stone and Sands. 


—————$§ 
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thickness of the Kimmeridge at Boulogne between the Portlandian 
and Corallian is only 450 feet. In England, as Mr. Blake states, 
““-we possess the normal formation to which the name Kimmeridge 
was originally applied; while at Boulogne we find an ‘episode’ 
having no relation to the Portlandian above, but to which the 
name of ‘ Boulognian’ may be given.” “The upper part of their 
‘Middle Portlandian’ is our Portland Sand,” and contains the 
characteristic shells Mytilus autissiodorensis, Astarte scalaria, A. Se- 
manm, Pecten Morini, Avicula octavia, Lima bolomensis, Perna 
Bouchardi, and Pecten lamellosus. ‘The lower part of their 
‘Middle Portlandian’ consists of soft sandy marls and shales, 
with cement-stone bands, not at all unlike the top of the Kim- 
meridge at Chapman’s Pool. The Cardium Morinicum, Belemnites 
Souichiit, and Discina latissima serve to prove the identity.”— 
(Braxz, Quart. Journ. Geol. Soc. vol. xxxvi. p. 196). 


VALE oF WARDOUR. 


The Portland series here commences with the beds containing 
Cerithium portlandicum ; and the fauna of the 10 succeeding beds 
I will notice as before. 


( Bed No. 1. Fine-grained brown oolite 
VEU ihc. 35.cqaeeeemere : 

55 | &. Finely oolitio «clea Cerithium portlandicum. 
Pecten lamellosus, Cardium dissimile, 
»,  & White chalk (like Upway), Lucina portlandica, Pleuromya tel- 
PUUITES a 5 e's. enaeeeeeeeae lina, Ostrea expansa, Trigonia gib- 

bosa. 

{ Astarte rugosa, Cerithium concavum, 


\ Cerithium portlandicum. 


. Fossiliferous bed ......... C. Bouchardianum, Nerita trans- 
versa, Neritoma sinuosa. 
. Lrigonia-bed ......0..00096: Trigonia gibbosa. 
; Ammonites boloniensis, A. biplex, 
. Fine freestone...... anaectaie 
Isastrea oblonga. 
. Doubtful in thickness &e. 


. Yellow impure sand ...... No fossils. 

( Trigonia Pellati, T. variegata, T. con- 

. Impure calcareous bed, | centrica, T. Micheloti, Mytilus ju- 
with Lydian stone or{ rensis, Perna  Bouchardi, Pecten 
Bl aUCOmite y..2 <cenebsxpfacs |  concentricus, Exogyra bruntrutana, 

and Serpula. 


oo anton oo f- 


Ho ael0) NDS Ghani Trigonia Pellatt, Ostrea bruntrutana. 


DEENA PR iae es: tc tes wed 
» Ll. Yellowish-grey calcareous | Wo fossils 
BEGIE. Matas oh puciscntnaee: ; 
SwINDon. 


These richly fossiliferous and abnormal beds are the most ex- 
tensive out of the Portland and Purbeck areas; and the uncon- 
formability of the Purbeck strata upon the Portlandian beds admits 
of no doubt. Mr. Blake’s notice of these great quarries is the only 
detailed one yet given; and, as he truly remarks, ‘‘a more complicated 
and, at the same time, instructive series of sections,” is hardly to 
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be seen. It has also been my good fortune to spend an entire day 
in these quarries; and I fully indorse his reading of the succession. 
(Vide Mr. Blake’s minute description, Quart. Journ. Geol. Soc. vol. 
Xxxvl. pp. 203-213.) 

The general succession and contents I give, as in previous cases. 


Bed No. 1. Portland Rock. 


»» 2 Calcareous sands (basal ( 
sands) = the Tisbury | 


Trigonia gibbosa, Ostrea solitaria, Lima 
rustica, Mytilus unguiculatus, Cy- 
prina pulchella, Corbula dammari- 
ensis, and Pleuromya tellina. 

3, o& Rubbly and glauconite TZrigonia gibbosa; 20 species occur in this 

beds ( Zrigonia-beds). and the same beds at Coate. 


These beds, Mr. Blake believes, succeed those of the Great 
Swindon Quarry in a downward direction. The Zrigonia-beds in 
the Coate section have yielded to Mr. Blake 22 species, 17 of which 
are bivalves. 

The Bourton outlier is a marked feature in the history of the 
Swindon Portland rocks. Paleontologically the Bourton beds are 
peculiar. chinobrissus Brodiei, so rare elsewhere in the Port- 
landian series, is here abundant; the true Cardium dissimile is re- 
placed by C. Morinicum, a shell characteristic of the lowest true 
Portland beds of Boulogne; downwards, a thick bed of limestone 
contains Perna Bouchardi, and its base is full of various dark- 
coloured stones or pebbles. ‘‘ Among them are Lydian stones, light- 
coloured quartz, also hardened phosphate nodules derived from 
previous formations” (Kimmeridge Clay). The inference drawn by 
Mr. Blake relative to these facts is one of considerable physical 
importance. These pebble-beds do not occur in the Portland area ; 
hence Mr. Blake assumes that “‘ these more northern districts were 
more rapidly upheaved than those to the south, and brought earlier 
into the conditions necessary for calcareous deposits” (loc. cit. 
p. 210). 

Again, the author gives reasons for believing that the Purbecks 
of Swindon differ from those of the southern districts through dif- 
ference of character. In the Swindon Purbecks we have uniform 
deposits over considerable distances, lying on unevenly but not 
deeply eroded Portland rocks. In the southern Purbecks there are 
carvings of rivers, transported blocks, and the rapid dying-out of 
deposits—all features characteristic of subaerial action. Seeing, 
then, that we have reason to believe that the earliest Swindon Port- 
land Stone antedated that at Portland, we are justified in concluding 
that the land here emerged sooner and more rapidly from the ocean ; 
hence the regular deposits reached only the “ basal sands.” Finally, 
Mr. Blake believes that the “‘newly-risen Portland was carved out by 
the river whose course is still marked in the quarry, and that the more 
gradual elevation of the south left time for the deposition of the 
“Whit bed” and “the Roach,” and that when the sea was finally 
expelled its place was taken by a large shallow lake, ofttimes dried 
up, and during minor oscillations supporting forests of Cycads and 
Conifers, the growth of which on the spot, well known there, is 
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sought for in vain at Swindon. We are led, therefore, to the appa- 
rently strange conclusion that the freshwater strata of Swindon, 
though wnconformable to those below, and representing the Purbeck wn 
the order of events, are probably in point of actual time as old as some 
parts of the Portland” (loc. cit. p.211). From the 4th and 5th 
beds, or sandy beds, Mr. Blake enumerates a large fauna, including 
no less than 26 genera and 41 species, 35 of which are bivalves, 
4 univalves, and 2 Ammonites (A. biplex and A. pectinatus). This 
fauna is very distinct from that of the Portland rock. Trigoma 
gibbosa and Cardium dissimile are unknown; many of the species 
are characteristic of the so-called Middle Portland of Boulogne, or 
of the highest Portlandian beds of other districts. 


BuckINGHAMSHIRE. 


The extension of the Portland series through Oxfordshire and 
Buckinghamshire is characterized by much the same conditions 
as that of Swindon, especially through the Limestones, which may be 
an expansion of the 7’rgonia-beds ; and it is probable that no higher 
beds were ever deposited in this area above those now exposed. 
Seven beds are recognized in Buckinghamshire. ‘The creamy 
Limestones of the Brill and Crendon ” have yielded a remarkable as- 
semblage of fossils, no less than 29 genera and 45 species; and the 
Rubbly Limestone of bed No. 4, 19 genera and 35 species. The 
absence of oolitic rocks is remarkable; the Brill Purbeck beds seem 
to be the onty ones possessing that character. 

The Rubbly beds at Lodge Hill have yielded a singular assem- 
blage of fossils—few Gasteropoda, but many genera of Bivalves. 
Mr. Blake mentions the important introduction of Ammonites pecti- 
natus of Phillips as argument for correlation. Numerically the 
grouping is as follows :— 


Ammonites.. 1 genus and 5 species. - 
Gasteropoda .2 generaand 2 ,, 


Dimyaria... 9. a 18 ,, 7 of these are Trigonia. 
Monomyaria.5 ,, er 

Annelida. i. Los Bios 

Crasiaee eid aids «ons 1 


19 35 


The Portland rocks of Buckinghamshire probably do not exceed 
60 or 70 feet in thickness, including the sands. This is a con- 
siderable reduction from those of Oxfordshire and Wiltshire. Mr. 
Blake accounts for this in part through the reduction in thickness 
of the Portland Sands; and he suggests, with regard to the stone, 
that in Buckinghamshire we may have “ thin representatives of all 
the Portland deposits, elsewhere reaching a far greater thickness,” 
or “that we may match these beds with some part of those at 
Swindon, and that we have in them only a portion of the series 
elsewhere found.” 

Mr. Blake gives a list of fossils common to the Limestones of 
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Buckinghamshire and the Trigonia-beds of Swindon and Bourton, 
and peculiar to these or most common in them. ‘They are:— 


Ammonites pectinatus. Pleuromya tellina. 
Natica elegans. Thracia tenera. 
Trigonia Voltzit. Mytilus unguiculatus. 
Cyprina elongata. boloniensis. 
Cypricardia costifera. Echinobrissus Brodiei. 
Anisocardia pulchella. 


The Natica, Cyprina, Cypricardia, Anisocardia, Plewromya, and 
Echinobrissus occur in the creamy limestones, which thus range no 
higher than the beds atSwindon. Mr. Blake therefore regards “ the 
whole of the limestones of Buckinghamshire as an expansion of the 
Trigonia-beds of Swindon, except that the brashy beds at the top 
correspond to part of the ‘ basal sands’ of the latter place, but not 
to the whole.” 

The author then summarizes the contents of his paper, and re- 
capitulates the facts arrived at, which may be stated as follows :— 


1. In all the sections near the coast the Purbeck beds are sepa- 
rated from the Portland by a line of clay. 

2. The uppermost bed of the Purbeck is not always the same, 
and the line of junction, though not eroded, is “ irregular.” 

3. The Portland series (reading downwards) shows first the 
“Whit bed” and “Roach” characterized by particular 
fossils, and especially by Ammonites giganteus, and locally 
unconformable to the bed below. 

4. The flinty series is divisible into several parts, very fossiliferous 
at the base, and characterized by Ammonites boloniensis. 
This is thickest at St. Alban’s Head, and becomes chalky at 
Upway. 

5. The Portland Sands contain a variety of beds (clays, cement- 
stones, and oyster-beds), and have a fauna distinct from 
that of the limestones above; but these characters are not 
constant. 

6. *“*In the Vale of Wardour the Purbeck is separated from the 
Portland by a band of clay, and the succession is very 
similar. Below the Limestones the true Portland Sand is 
very thin and brown.” 

7. At Swindon the relations of the Purbeck to the Portland are 
remarkable; the Portland is carved: out in hollows which 
contain rolled blocks of it, evidencing a land surface and rapid 
changes. This erosion may have taken place in Portland 
times, as the uppermost part of the Portland beds here 
corresponds only to the top of the Tisbury Freestone. 

8. The Portland sands are found at Swindon below the Trigonia- 
beds, and occur in the form of extremely fossiliferous glauco- 
nitic sandstones or shell masses. They contain a well-marked 
and almost restricted fauna. 

9. The districts of Oxfordshire and Buckinghamshire are formed 
on the same model. The Purbeck beds of Bucks lie ~ 
uniformly on the Portland rocks as in the south; but the 
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underlying Portland Limestone corresponds to the Trigonia- 
bed of Swindon. Hence the Purbeck beds of Oxfordshire 
and Buckinghamshire are of earlier date than the Portland 
of Swindon, and still earlier than those of the Isle of Pur- 
beck, and were formed in Portland times. 

10. The fossiliferous Portland Sand becomes much diminished 
in importance, but continues its glauconitic character, to the 
north, while the lowest sands with their rounded masses 
are continued to Shotover and Thame and then nearly 
disappear. 

11. Thus the Portland Sand had two maxima—one to the north 
of Tisbury, and one to the south ; but as regards the Portland 
Stone the oldest beds are found in the north, and as we go 
south later and later deposits are successively introduced 
before the traces of freshwater conditions appear. 

12. These were the final result of the gradual elevation in all 
cases, and were not of the same age throughout, but followed 
immediately on the period of the beds below (loc. cit. 
pp. 221, 222). 


Little trace of a Portlandian episode can be detected at Speeton 
in Yorkshire, or beneath Sussex, and Mr. Blake believes “ that the 
elevation which introduced the circumstances capable of yielding 
sandy and calcareous deposits took place sporadically. So far as 
our knowledge at present extends, the earliest rise took place along 
the main axis between Boulogne and the Mendips..... Further 
physical changes of a nature unknown to us brought about the de- 
nudation of some sandy rocks and developed the great sandbanks 
which pass from Swindon to Shotover and die away to the north- 
east, and which diminish from St. Alban’s Head towards Portland 
and Upway, and are not to be recognized in the Boulogne area.” 

The question of the removal of the Portland Sands to the Kim- 
meridge Clay is commented upon; and the propriety of the French 
geologists uniting the upper part of the Kimmeridge Clay with the 
Portland sands, and calling them the ‘ Middle Portlandian,” is 
clearly stated. Mr. Blake has added a complete table of Portlan- 
dian fossils, adding 17 new species, and introducing 8 continental 
forms (French) as new to Britain, thus increasing our Portlandian 
fauna by 25 additional species. I have reconstructed the table so 
as to read uniformly with those prepared in other portions of my 
address for this year and the year 1880-81 ; for the names of the 
species vide Mr. Blake’s Table, loc. cit. pp. 225-227. 


Taste XVII.—The Numerical Distribution of the Portlandian Species. 
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The plate of comparative sections given by Mr. Blake, on the scale 
of 48 feet to an inch, admirably shows the proportional thickness 
and development of the different horizons through the country, and 
also explains the table of fossils prepared by Mr. Blake, and my 
numerical analysis reconstructed to show the generic and specific 
values in one table. The generalized theoretical section on the same 
sheet will bear close attention and scrutiny. The intermittent 
thickening and thinning of the series from Portland and St. Alban’s 
Head on the coast to Buckinghamshire, diagrammatically explains 
the vertical columns above. 


The next communication naturally follows on the two previous 
papers by Mr. Blake, viz. the Portland Rocks and the Kimmeridge 
Clay, and the third by Messrs. Blake and Hudleston, on the Corallian 
rocks. These papers referred to the development of these forma- 
tions in Britain only. The one I have now to notice is “On the 
Correlation of the Upper Jurassic rocks of England with those of 
the Continent.—Part. I. The Paris Basin, by the Rev. J. F. Blake, 
M.A.” The author shows that while the normal deposits of the 
period commencing with the Oxford Clay and continuing to the 
close of the Jurassic era were essentially argillaceous, the uniformity 
was broken by the deposition of the calcareous Corallian rocks—but 
that, in spite of episodes, there is a continuity both in the physical 
and biological features, uniting the whole into one great group to 
which the term Upper Jurassic is appropriately given (p. 497). The 
rocks hitherto called Corallian in England comprise much that is 
classed with the Oxfordian by the French geologists. 

The Upper Jurassic rocks of France occur in two distinct areas. 
The Seine and the Loire and smaller rivers drain the more northern; 
the more southern is a continuation of the Swiss Jura, and lies to 
the south of the central plateau of Auvergne. 

The former (Seine and Loire) constitutes the basin of Paris, and 
is the subject of Mr. Blake’s paper. Within the Paris-basin area 
there are five ranges, of unequal size and importance, separated 
from each other by intervals in which either older or newer rocks 
occupy the surface of the ground. These are :— 


1. From the Ardennes to the Cher. 
2. The two Charentes. 

3. Normandy with Orne and Sarthe. 
4. The Pays de Bray. | 

5. The Boulonnais. 


The physical features and paleontology of these five areas are cor- 
related by Mr. Blake with the Upper Jurassic rocks of Britain. 
I. From THE ARDENNES TO THE CHER. 


The classification of the rocks of this area has been completed by 
MM. Sauvage and Buvignier*, The 3 divisions are:—I. The 


* Sauvage and Buyignier, ‘ Statistique Minéralogique et Géologique du dépt. 
des Ardennes.’ 
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Upper Group, containing (A) marls with Ewogyra virgula, (B) the 
Astarte Limestone; II. The Coral Rag; and III. The Oxfordian 
group, in 3 subdivisions. 

THE Oxrorpran Grovp.—The nodular beds contain a character- 
istic fauna precisely that of our own, viz. Am. cordatus, Modiola 
bipartita, Perna quadrata, Pecten fibrosus, Ostrea dilatata, and Rhyn- 
chonella Thurmanni. These represent the ‘‘ Nothe Grits” of Wey- 
mouth and the Lower Calcareous Grits of Yorkshire. Succeeding 
these are beds which in Yorkshire belong to the Passage-series 
above the Lower Calcareous Grits. The noticeable shell Trigonia 
saintonensis, Lycett (7. spinifera, D’Orb.), occurs in both places, and, 
with Ammonites oculatus, serves to show the Oxfordian character 
of the beds. 

The “ Ferruginous Oolite’”’ Hébert refers to the Middle Oxfordian, 
which contains a well-marked fauna of that horizon. Above there 
exist certain marls with Cidaris florigemma and Pecten articulatus. 

Tue Meuse Drepartment.—Buvignier gives, for this department, 
the following classification in ascending order :— 


Upper JURASSIC. 


I. Barrois Limestone in 3 subdivisions, 600 feet thick. 


II. Virgulian Clays, 150 feet. 
III. Astartian Limestones in 2 subdivisions, 400 feet. 


MiIppLeE JURASSIC. 


I. Coral Rag in 2 subdivisions, 400 feet. 
II. Oxford Clay in 3 subdivisions, 500 feet. 


I must refer the student to the admirably detailed analysis of the 
geology and paleontology of this department by Mr. Blake (vide 
pp. 505-516). There is but little in this series to be correlated 
with that of Britain. 

Tur Havre-Marne Deparrment.—The Upper Jurassic rocks of 
this department may be considered as typical in the Paris basin. 
Royer* divides the series under the 8 following heads :— 


A. Portland, under 3 petrological subdivisions. 

B. Kimmeridgian. 

C. Astartian, under 2 petrological subdivisions. 

D. Coralline Oolite. 

E. Compact Corallian Limestone, under 2 subdivisions. 
F. Upper Oxfordian marls. 

G. Middle - :, 

H. Lower i 


The newer classification is far more complicated and, as published 
by MM. de Loriol, Royer, and Tombeck, is as follows :— 


* Royer, ‘“ Note sur les Terrains Jurassiques supérieurs et moyens de la Haute 
Marne,” Bull. Soc. Géol. France, sér. 2, vol. 11. p. 705. 
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PorTLANDIAN. 


1. Zone of Cyrena rugosa, with 3 subdivisions. 
2. Zone of Cyprina Brongniarti, with 3 subdivisions. 
3. Zone of Ammonites gigas, with 4 divisions. 
a. Bure Oolite. 
b. Limestone with Am. trrius. 
c. Marls with Hemicidaris purbeckensis. 
d. Lithographic Limestone with Amm. rotundus. 


KIMMERIDGIAN. 


1. Zone of Amm. caletanus= Virgulian, with 2 subdivisions. 
a. Alternations with Am. erinus. 
6. Marls with Am. eumelus, 
2. Zone of Am. orthocera=Pterocerian, with 6 subdivisions. 
a. Perforated Limestone. 
b. Marly Limestone with Dysaster granulosus. 
c. Limestone with Lsocardia striata. 
d. Marls with Rhabdocidaris Orbignyana. 
e. Marls with Ceromya excentrica. 
f. Perforated Limestone with Pterocera. 


CoRALLIAN OR SEQUANIAN. 


1. Seeond zone of Terebratula humeralis, Astartian Limestone. 
2. is Cardium corallinum, La-Mothe Oolite. 
3, First iss Terebratula humeralis, with 6 subdivisions. 
a. Lithographic Limestone. 
6. Saucourt Oolite. 
ce. Limestones with Nautilus giganteus. 
d. Upper Rubbly Limestone with Cidaris flori- 
gemma. 
e. Limestone with Am. achilles. 
Ff. Limestone with Am. bimammatus. 
4, First zone of Cardium corallinum and zone of Hemicidaris crenularis. 
a. Upper Marls without fossils. 
b. Diceras-Oolites and lower rubbly Limestones 
with Cid. florigemma. 
c. Lower Marls without fossils. 


OXFORDIAN. 


Zone of Amm. transversarius. 
a. Beds with Amm. Henrici and Am. oculatus. 
Ors Wes Ag »  Babeanus. 
ae 5 » Martelli. 


I feel bound to give this complicated classification on account of 
the minute manner in which the typical or characteristic fossils are 
assigned to their respective horizons, for comparison with our English 
Upper and Middle Jurassic rocks, and also to show the method of 
work adopted by some continental authors. 

DEPARTMENT OF THE AuBE.—Leymerie, as far back as 1846, ad- 
mirably described the geology of this department*. He classified 
the rocks as follows :-— 

Uprrr JURASSIC. 


1. Portland Limestone, 330 feet. 
2. Marls and Limestones with Hrogyra virgula, 250 feet. 


* Leymerie, ‘Statistique du Département de l’Aube,’ 1846. 


ie 
2. 
3. 
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Mipp.xe JURASSIC. 


Astartian Limestone. 320 feet. 
Nodular white Limestones=Coral Rag, 40 feet. 
Lower Coral Limestone. 
a. Compact Limestone, 80-100 feet. 
b. * Levique” Limestone, 50 feet. 
c. Oolitic Shell-Limestone, 80—100 feet. 


DeparrMent oF tHE Yonne.—Leymerie, Raulin, and Cotteau 
have described the rocks of this department, the first two authors 
in 1858, and Cotteau in 1865 and 1868, in the latter year associated 
with De Loriol. 


Leymerie 


1. 


il 
2 
on 
4 
5 
Cotteau’s 
series. 
i. 
2. 


bo 


and Raulin classify the rocks as follows :— 


Uprrr JURASSIC. 
Portland Limestones, 135 feet. 


. Kimmeridgian Marls and Limestones, 330 feet. 


MIpDLE JURASSIC. 


. Astartian Limestone. 
. White Coral Limestone. 


Upper Oxfordian Limestone. 


. Middle Oxfordian Limestones or Marls. 
. Lower Oxfordian Ironstone. 


subdivisions differ chiefly in the Sequanian and Corallian 


PoRTLANDIAN, 


. Zone of Pinna suprajurensis. 


», Ammonites gigas. 


KIMMERIDGIAN OR SEQUANIAN. 


. White Limestones. 
. Lithographic Limestones. 


CoraLLIAN, 
Diceras-beds. 
OX¥FORDIAN. 
Zone of Amm. plicatilis and Cidaris florigemma. 


Along the banks of the Yonne certain beds are exposed that can 
be without doubt referred to our true Coral Rag, only that we do 
not possess the Diceras-beds (vide Blake, loc. cit. pp. 530-537). 

Department or Nrkvre.—LKbray in 1864, and Douvillé and Jourdy 
in 1875, have described the geology of this department. The classi- 
fication, chiefly compiled from the country along the banks of the 
Loire, is as follows :— 


OUP 09 LO 


KIMMERIDGIAN. 
Astartian Limestone. 


CoRALLIAN. 


. Upper Lithographic Limestone. 


Oolite with small Diceras. 
Chalky Limestone. 


. Lithographic Limestone. 
. Oolite of La Charité with Diceras arietinum. 
. Marly Limestone and Lower Lithographic Limestones. 


ARGOVIAN, 


, Sponge-marls with Ammonites canaliculatus. 


L2 
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DrpartTMENT oF THE CoER.—As far back as 1838 this department 
was described by Fabre ; followed by Boulanger and Bertera in 1850 
(Texte explicatif de la carte géologique du Cher); but Douvillé and 
Jourdy in 1875 (Bull. Soe. Géol. France, sér. 3, vol. 11. p. 93) have 
most recently described the area. Their classification is as follows :— 


KIMMERIDGIAN. 
. Limestone of Barrois. 
. Virgulian Marls. 
. Astartian Limestone. 
A. Marls and Nodular Limestones. 
B. Nerinzean Oolite. 
C. Fucoidal Marls and Limestones. 


Co bo 


CoRALLIAN. 


4. Upper Lithographic Limestones with Ammm. achilles. 
D. Limestone with Pinna. 
EK. Compact Limestone. 
. Chalky Limestone of Bourges. 
. Lithographic Limestones. 
. Sponge-limestones with Am. marantianus, Am. bi- 
mammatus, and Am. plicatilis. 


~T Sd On 


II. Tar two CHARENTES. 


The main question to be solved in this district of the Charentes 
was the age of the so-called “Portland” and even “ Purbeck” 
beds, to ascertain whether there are any rocks corresponding to 
those that we know as such in England. Coquand in 1858 
(‘ Statistique de la Charente’) proposed a classification for the Jurassic 
rocks of the Upper Charente, dividing the upper portion of the Juras- 
sic rocks as follows :— 

Upper JurAgsic. 
Purbeckian. 
Portlandian. 
Carious Limestone. 
Limestone with Nucula inflexa. 
Oolitic Limestone. 
Limestone with Cardiwm dissimi/e. 
Sands. 
Kimmeridgian. 
Virgulian Marls. 
Pterocerian Limestones. 
Astartian Limestones. 


MIpDLE JvURAssIC. 


Corallian. 
Oolite with Nerinea. 
Coral Limestone. 
Solid Limestone. 

Oxfordian. 

Callovian. 


Prof. Blake closely examined the distribution of the fossils and 
other characters in the beds of this and the following department, 
the Lower Charente, and satisfied himself of the presence of the 
Lower Portland and of beds representing the Purbeck. 
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Tse Department oF THE Lower Caarents.—D’Orbigny in 1852, 
and Manés (‘ Statistique Géologique de la Charente Inférieure,’ 1855) 
have studied the rocks of this department. Manés divides them into 
4 groups :-— 
1. Portlandian...... 280 feet in 4 subdivisions. 
2. Kimmeridgian... 260 ,, in 2 


3. Corallian ......... aoU 3 Am 2 
4. Oxfordianian.ne.2 550 5.0.10 2 


Mr. Blake questions whether the rocks in the Lower Charente 
are different from those of the Upper. In the Rochelle district 
things are changed, and we are studying the development in a new 
basin ; and, as the author states, we find that out of 222 Corallian 
species named by D’Orbigny in his ‘ Prodrome,’ no fewer than 90, or 
more than 40 per cent., are peculiar, while only 80 occur in any of 
the localities yet studied. Here, again, I must refer to the careful 
study of these beds and their fossil contents by Mr. Blake. 


IJl. Normanby with ORNE-AND-SARTHE. 


In the department of the Orne-and-Sarthe the Upper Jurassic 
rocks are only feebly developed along the strip running from Le 
Mans in the south to Normandy. Hébert in 1857 (‘Les mers 
anciennes et leur rivages dans le bassin de Paris. Part I. Terrain 
Jurassique ’) showed the presence of his Middle and Upper Oxfordian 
beds, the former consisting of sands and calcareous grits with Am. 
perarmatus and Am. cordatus, the latter of marly beds with Trigona 
perlata (TI. clavellata), Pholadomya decemcostata, Perna mytilordes, 
and Gervillia aviculoides. Higher in the series are pisolitic beds 
with Nerinea, and Diceras-beds with Cardium corallinum and Corbis 
gigantea, followed by marls and marly limestones of Kimmeridgian 
age with Ostrea deltoidea, Trigonia Meriant (“ muricata”), Rhyncho- 
nella inconstans, &e. 

Normanpy.—This district should be studied on the coast; the 
sections there are complete, and afford the key to the interior. 
Caumont* in 1825-8, Heébertf in 1860, Dollfust in 1863, and 
Lennier§ in 1870, have all described the several groups of rocks. 
Each of the above authors has divided or read them in their own 
way, and they give the following subdivisions founded on the sections 
examined by them :— 


Caumont. Hébert. Dollfus. 
1. Kimmeridge Clay. 1. Coral Rag. 1. Ammonite-clays. \ 
2. Glos Sand and 2. Upper Oxfordian. 2. Pteroceras-marls. | 4 Ki 
Blangy Limestone. ; aig 
3. Coral Rag. 3. Middle Oxfordain. 3. Trigonia - clays | ™°"C8'*" 
4, Oxford Clay. and limestones. ) 


* ‘ Explication de la Carte Géologique de Normandie,’ 1825-8. 

+ “Du Terrain Jurassique supérieur sur les cd6tes de la Manche,” Bull. Soe. 
Géol. France, sér. 2, vol. xvii. p. 300. 

t ‘La Faune Kimméridienne du cap de la Heéve.’ 

§ ‘Etudes Géologiques et Paléontologiques de la Haute Normandie.’ 
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The coast section at Cap de la Héve presents an exact resemblance 
to the series at Weymouth and Osmington, “so close,” observes Mr. 
Blake, “that almost bed for bed can be recognized ; and the whole 
becomes, therefore, an admirable term of comparison between the 
French and English rocks, if only,” as Mr. Blake suggests, “ the 
development in each country could be correlated respectively with 
these.” An elaborate analysis follows, in which the author dis- 
cusses the affinities and ditferences between the faunas of the two 
countries (loc. cit. pp. 548-554). 


IV. Tue Pays vE Bray. 


The early work of Graves upon this district (‘ Essai sur la Topo- 
graphie Géognostique du département de l’Oise,’ 1847) has been 
superseded by the splendid monograph of M. de Lapparent (‘ Le 
Pays de Bray,’ 1879), published as one of the memoirs of the 
Geological Survey of France. M. de Lapparent’s classification is 
as follows :— 

Urrrr Portianp. 
Ferruginous Sandstone, Speckled Clays, Greensand. 


Mippur Portnanp. 
Blue Marls. 


Lower PorTLanp. 
. Upper Conglomerate. 
. Glauconitic Caleareous Grit. 
Marly Limestones. 
. Caleareous Grit with Anommie. 
. Beds with Ostrea catalaunica. 


CUP Co bo i 


KIMMERIDGIAN. 
. Upper Clays and Lumachelles. 
. Compact Lithographic Limestone. 
. Lower Clays and Lumachelles. 
. Calcareous Grit (Pterocerian or Astartian). 


Be Oo Doe 


Prof. Blake has verified the accuracy of Lapparent’s description 
and the general correctness of the correlation. Exceptions, in one 
or two instances, are taken and discussed by Mr. Blake (loc. cit. 
pp. 555-557). 


V. Tue Bovutonnals. 


M. Rigaux in 1865, M. Hébert in 1866, and MM. de Loriol and 
Pellat, in five separate memoirs or monographs from 1866 to 1876, 
have largely contributed to the history of this remarkable area. 
M. Pellat, in 1878, gave a general and final summary of his views 
(‘ Résumé d’une description du terrain jurassique supérieur du Bas 
Boulonnais, 1878). His classification is as follows (loc. cit. p.558 ):— 


1. Upper Portland in 4 divisions, yielding Cardium dissimile, Natica elegans, 
and Cardium Pellatt. 

2. Middle Portland in 2 divisions, yielding Ostrea expansa and Cardiwm 
Morinicwn. 
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5. Lower Portland. Zone of Cyprina Brongniarti in 3 divisions, with Ptero- 
cera oceam, Natica Marcousana, and Trigonia 
Pellati. 

3a. Idem. Zone of Amm. gigas in 2 divisions, with Am. portlandicus and 
Henicidaris purbeckensis. 

4. Upper Kimmeridgian. Zone of Ammonites erinus in 2 divisions, with Az. 
erinus and Pygurus. 

5. Middle Kimmeridgian. Zone of Amm. caletanus in 2 divisions, the upper 
part with Amm. caletanus. 

6. Lower Kimmeridgian. Zone of Amm. orthoceras in 2 divisions, upper part 
with Amm. orthoceras. 

7. Sequanian, in 6 divisions, Ost. deltoidea, Nerinea, and Trigonia Bronnitz. 

8. Corallian, Coral Rag, with Cidaris florigemma, and 3 divisions with 
Lsocardia and Terebratule. 

9. Upper Oxfordian in 2 divisions, with Psewdodiadema heddingtonense and 
Amm. Martelli and Sponges. 

10. Middle Oxfordian in 2 divisions, with Ostfea dilatata. 

11. Lower Oxfordian in 3 divisions, with Ammonites Lamberti, Amm. Duncani, 

and Amm. calloviensis. 


These eleven divisions are discussed by Prof. Blake through pages 
559 to 566, I cannot do more than refer to these eight pages, 
which teem with important correlative matter. From page 567 
to 587 the author discusses the results of his investigations, and 
proposes to classify the rocks he has so carefully examined in the 
Paris basin under five heads :— 


1. The Portlandian. 


Upper = Purbeck. 
Lower=Portland Limestone. 


2. Bolonian. 


Upper = Middle Portland. 
Lower= Lower Portland. 


3. Kimmeridgian. 
Virgulian. 
Pterocerian. 
Astartian. 


4. Corallian. 
Supracoralline. 
Coral Rag. 
Coralline Oolite. 

5. Oxfordian. 


ke { Oxford Oolite. . 
PPer= | Oxford Grit. 
Lower= Oxford Clay. 


Mr. Blake discusses the upper limit of the Oxfordian group; the 
French and English classifications do not agree. The English Lower 
Calcareous Grit and part of our Coralline Oolite are, in France, 
universally placed in the Oxfordian (vde pp. 567-570). He next 
describes the Corallian series and the relations of the English beds 
to those of France; pp. 570-577 are devoted to this division ; 
pp. 577-580 and the remainder of this elaborate memoir conclude 


with the Bolonian and Portlandian rocks and their correlation. — 
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Plate xxvi. exhibits 22 vertical comparative sections of the Upper 
Jurassic rocks of the Paris basin and England,—16 French, and 
6 English. The French series commences with the Ardennes and 
finishes with the Boulonnais, through which every division discussed 
in the paper is shown. ‘Those for England are Dorset, N. Wilts, 
Oxford and Bucks, Cambridge and Lincolnshire, 8. Yorkshire and 
N. Yorkshire. The careful perusal of this table will show the nature 
and value of the paper contributed to the Society. 


§ 3. Lias. 


The division of the Lias of England into life-zones is of high 
importance ; and of all the zoological groups that afford us reliable 
data for stratigraphical sequence, as indicated by organic remains, 
that of the Cephalopoda stands preeminent. 

The tripartite division of the Lias of England is now admitted to 
be the true reading, whether physically or paleontologically con- 
sidered, and each method confirms the other; the same law of 
succession and distribution holds good throughout Europe and, where 
known, in America. Taking as examples the magnificent sections 
on the Yorkshire and Dorsetshire coasts, the many localities and 
sections between, and the equivalent succession of strata in France 
and Germany, important generalizations are to be deduced. The 
division of the Lias into three stages is now an acknowledged fact 
throughout Europe; and these three stages are again subdivided into 
beds or zones which are characterizea by certain species of Ammo- 
nites. 

The Lower Lias is clearly divisible into seven well-defined hori- 
zons, or zones, characterized by as many species; reading upwards 
they are as follows :— 


. Arietites (Ammonites) raricostatus, Ziet. 

. Amaltheus (Ammonites) oxynotus, Quenst. 

. Arietites (Ammonites) obtusus, Sow. 

. Arietites (Ammonites) Turneri, Sow. 

. Arietites (Ammomites) Bucklandi, Sow. 

. Aigoceras (Ammonites) angulatum, Schloth. 
. Aigoceras (Ammonites) planorbis, Sow. 


mI b> OO HE O1 ON 


Below the last-named zone no Ammonite has yet occurred in the 
British Islands. -dgoceras planorbis, either in shales or hard lime- 
stones, rests immediately upon the Rhetic or Avicula-contorta series, 
with its ever accompanying bed containing remains of reptiles and 
fish, representing the close of the Triassic period or the Passage-beds 
between the Trias (Keuper) and Lower Lias. 

Succeeding this, yet physically conformable, although differing 
lithoiogically and largely paleeontologically, comes the middle division 
of the Lias or the ‘ Middle Lias,” a series of sandy, marly, and 
usually ferruginous limestones. ‘This group of strata is also essen- 
tially characterized by Cephalopoda (Ammonites), certain forms of 
which hold restricted vertical ranges through this stage. We 
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recognize five zones in the Middle Lias, which stratigraphically 
succeed the zone of Arietites raricostatus. 

The following six species of Ammonites are constant where the 
beds are fully developed, and constitute the recognized zonal forms, 
also reading upwards :-— 


. Amaltheus (Ammonites) spinatus, Brug. 

. Amaltheus (Ammonites) margaritatus, Montt. 
. digoceras (Ammonites) Henley, Sow. 

. Amaltheus (Ammonites) ibex, Quenst. 

. Aigoceras (Ammonites) Jameson, Sow. 

. Aigoceras (Ammonites) armatum. 


r= DD CO H O1 


Associated with these species there also occurs an assemblage of 
species of other Mollusca which at once distinguishes the Middle 
from the Lower and Upper Lias. 

The clays, shales, and sands of the Upper Lias, when occurring in 
a complete section, are divided into eleven well- defined and recog- 
nizable zones. The sandy or upper portion of this stage, the Upper 
Lias sands, or ‘‘Midford Sands”*, are chiefly characterized by the 
two groups Harpoceras and Lytoceras. 

In Gloucestershire and Somersetshire they include six zones, 
characterized by 


. Harpoceras (Ammonites) opalinum, Rein. 

. Harpoceras (Ammonites) radians, Schloth. 

. Harpoceras (Ammonites) Thouarsense, dOrb. 
. Harpoceras (Ammonites) insigne, Schiibl. 

. Lytoceras (Ammonites) jurense, Ziet. 

. Lytoceras (Anmonites) hireinum, Schiibl. 


r+ bS CO He O1 OD 


The lower portion of the Upper Lias, consisting of clays varying 
in consistency and colour (black in Yorkshire, dark grey in the 
Midland counties, and pale grey or pale brown in Somersetshire and 
Dorsetshire), is everywhere distinguished by 


. Harpoceras (Ammonites) bifrons, Brug. 

. Harpoceras (Ammonites) serpentinum, Schloth. 
. Stephanoceras (Ammonites) commune, Sow. 

. Stephanoceras (Ammonites) anguinum, Rein. 

. Stephanoceras (Ammonites) fibulatum, Sow. 


rt bS CO HE On 


The grand cliff sections of the Yorkshire coast exhibit almost 


every zone in all three of the above divisions, except those of <go- 


ceras angulatum and 4. planorbis, both of which are concealed 
beneath the German Ocean at Robin Hood’s Bay and at Redcar, 
although in both localities the beds occur. 

Probably the most complete continuous section in Europe is com- 
prised in the succession exhibited along the Dorsetshire coast from 
Pinhay Bay, west of Lyme Regis, to Burton Bradstock, east of 
Bridport Harbour. The shore west of Lyme Regis, Black Ven near 
Lyme, and Charmouth, Westhay, Golden Cap, Eype Down, &c. are, 


* Phillips, ‘Geol. of Oxford and Thames Valley,’ p. 118 (1871). 
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indeed, classical localities for clear demonstration of the succession of 
the Ammonite zones of the entire Lias formation. 

“This coast section may be said to be complete from the great 
arenaceous deposit of Upper Lias sand, containing Harpoceras opali- 
num, with each succeeding zone of the Upper, Middle, and Lower 
Lias, down to Aigoceras planorbis, and its Ostrea series [ O. liassica| — 
resting on the Avicula-contorta beds of the Trias” near Axmouth *. 


Rheetic or Avicula-contorta Beds, Portlock, 1843. 


Kossener Schichten, Von Hauer, 18538. 

Oberes St. Cassian, Escher, 1853. 

Gervillien- (Kossener) Schichten, Gimbel, 1856. 

Die Zone der Avicula contorta, Oppel, 1859. 

Infra-Lias du département de la Cote d’Or, Jules Martin, 1860. 


These and numerous other names constitute the synonymy of the 
Avicula-contorta zone, a name given by Col. Portlock in 1848 to 
beds in the N. of Ireland containing the shells Avicula contorta and 
Pecten valoniensis. This series was then believed to belong to the 
Lower Lias, and for many years this view was held; but the progress 
of research into the history and structure of the Rhetian Alps and 
their paleontological contents resulted in clearly determining that 
the fauna of the Avicula-contorta or Rheetic beds belonged to the 
Triassic rather than to the Liassic group, especially as exemplified by 
the Fishes and Reptilia; and there cannot be any doubt that the 
fauna of the Avicula-contorta zone has closer affinities with that 
of the Kossener Schichten of the Tyrol and the Upper St.-Cassian 
beds of Germany (Escher) than with the Lias, from the fact that 
most of the species found in the Rheetic beds do not pass into the 
Lower Lias. The chief species of Mollusca are Cardiam rhethcum, 
Pecten valoniensis, Neoschizodus, Pleurophorus, Avicula contorta, 
and Schizodus angulatus (Myophoria). Fishes: Nemacanthus, Acro- 
lepis, Sargodon, Saurichthys, Gyrolepis, Ceratodus, &c. The Rep- 
tilia of the genera Jchthyosaurus and Plesiosaurus are here first 
known, but with species differing from those of the Lower Lias. 
The earliest mammal known (Microlestes antiquus) occurs in the 
Rheetic beds of this country as well as in those at Dierloch, in 
Wiirttemberg. From Redcar in Yorkshire to Lyme Regis in Dor- 
setshire we obtain the Avicula-contorta beds wherever the junc- 
tion of the Trias and Lias is revealed ; and they retain their physical 
and paleontological characters throughout, consisting of black 
pyritous shales and thin impure limestones crowded with ike 
served shells. 

On the continent of Europe this Rheetic or Avicula-contorta zone 
has also a most extensive geographicalrange. Its deposits are met 
with in Germany, Switzerland, France, Hungary, and as far north as 
Sweden. We find them in Wiirttemberg, near Tubingen, Stuttgart, 
and Gottingen; in Baden, at Bamberg and Baireuth; near Bruns- 


* Dr. Wright, Paleontographical Soc. vol. xxxii., Monogr. Lias Ammonites, 
. 2 (1878). 
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wick, Hildesheim and Hanover. The Vaudois Alps, the Canton of 
Aargau, and near Basel are localities in Switzerland. 

The Céte d’Or, Aveyron, Herault, Luxembourg, and Belgium 
possess this transition group in greater or less development; it 
yaries in thickness from 40 to 3000 feet throughout its distribution 
in Spain. The most complete sections in England are to be studied 
at Aust Passage and Garden Cliff, Westbury (Gloucestershire), Pe- 
narth Cliff (Glamorganshire), and St. Audrey’s slip (Somersetshire) ; 
nowhere do they exceed 50 fect in thickness, but lithologically and 
palzontologically they are the same throughout. 

It is difficult to arrive at the true number of species in the Rheetic 
zones of Britain ; they are a group not easily studied and difficult to 
obtain. Our knowledge of the fauna is incomplete, owing to the 
physical structure or fissile and shaly nature of the beds, no 
limestone of appreciable and constant thickness occurring in the 
series; as near as I can tell, we possess 54 genera and 100 species, 
which may be tabulated as follows: 


Genera. Species. 

REL ore 2 or 3 e 
Asteroidea .... 1 i 
Crustacea .... 3 3 
Brachiopoda .. 1 1 
Monomyaria .. 9 15 
Dimyaria;-..,...:,3 13 25 
Gasteropoda .. 8 AT 
Cephalopoda .. none none 
PaseGai5. Re? . 12 OF ae 
Le Ont: Sameer 2 4 
Mammalia .... 2 t 

54 100 


In the famous sections of Aust Passage, Westbury or Garden 
Cliff, Wainlode, &c., fifty species have been collected. In the cliffs 
near Penarth, probably the most complete section in Britain, nearly 
every known British species has been obtained. This section is 
especially rich in the Mollusca, of which fifteen species occur, and 
ten species of fish ; at Barrow on Soar the complete series was cut 
through ; and the railway-cutting at Elton, near Nottingham, ex- 
hibited the series in conjunction with the Gypsiferous Marls below. 
As far north as Gainsborough they have been continuously traced 
wherever the two series have been seen in position. The generaliza- 
tions deducible from the deposition of the British Rheetics, and what 
we now know concerning the great series in Europe, are numerous 
and important. It is doubtful if any other series affords more scope 
for speculation as to its deposition and accumulation, especially 
when we know that we have not in the British Islands, in one section 
(or all united), a complete or even representative series of these 


* Assuining that there are 19 species of Ceratodus. 
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strata that can be coordinated with the deposits commencing with 
the Muschelkalk, which in time, though not in condition, paralleled 
our Bunter and Keuper deposits. These thick strata, either of 
freshwater or marine origin and almost devoid of life, stand alone. 
Their final close through elevation within the British area gave us 
a series of deposits known as the Rhetic series of Middle and 
Eastern Europe. Continental changes alone can only account for 
our not possessing the Muschelkalk, the St.-Cassian or Hallstatt 
beds, the Dachstein, Késsen or Upper St.-Cassian beds of Switzer- 
land, and other groups occurring in the typical area of Europe. 

The nature of the fauna is suggestive of geographical rather than 
climatal changes, the species being developed either in shallow, 
estuarine, or brackish waters, consequently dwarfed and stunted 
in growth; and although we possess many of the European forms, 
there is yet, in those regions where the series are fully developed, a 
fauna the magnitude of which is nearly unequalled by any British 
deposit. 


No less than 281 genera and 1830 species are known to occur in 
the whole of the three divisions of the Lias of Great Britain and 
Ireland. These extend through 16 classes, not including the kingdom 
Plante, which is represented in the Lias by 12 genera and 17 species, 
11 genera and 15 species occurring in the Lower Lias, and 1 genus 
and 2 species (Peuce Huttonana and P. Lindleyana) in the Upper 
Lias. Nospecies is known in the Middle Lias ; here and there frag- 
ments of wood occur, but no determinable form has yet been 
detected. The Plante of the whole series of the British Jurassic 
rocks number 63 genera and 191 species, 130 of which belong to 
the Inferior Oolite, mostly from the Yorkshire beds. Few or none 
occur in the continuous strike of the Lower Oolitic series, from Whitby 
through the mid-eastern part of England and on to Lyme Regis and 
Portland. True it is that the estuarine and terrestrial beds so finely 
shown along the Yorkshire coast are only to be examined in detached 
portions in Lincolnshire, Northamptonshire, &e. The above general 
considerations lead me to discuss the fauna and flora of the Lower, 
Middie, and Upper Lias, or the Lias as a whole as compared with 
the succeeding Middle and Upper Jurassic series. 

Prantx®: Lower Lias.—The Conifers: and Cycadee predominate 
in the Lower Lias; 9 of the 12 genera and 11 of the species that 
occur belong to these two families. Spherococcites may be an alga. 
Naidites is represented by 3 species; Hquisetites by 1 (EL. Brodiec); 
Otozamites by 1 species, but this genus greatly predominates in the 
Inferior Oolite. The two Coniferz in the Upper Lias are Peuce Hut- 
toniana and P. Lindleyana; no species of this genus passes to any 
higher horizon. J am not aware of any species out of the known 
192 occurring in the Jurassic rocks that range from a lower toa 
higher horizon, or pass to any higher beds throughout the whole 
of the Jurassic series. 

Middle Iias.—No described or recognized species of plant is known 
to occur in the Middle Lias. Both in Yorkshire and in Dorsetshire, 
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where this division of the Lias is greatly developed, no species has 
as yet been determined. 

Upper Lias—One genus (Peuce) with 2 species, P. Huttoniana 
and P. Lindleyana, are all the plant-remains known in the Upper 
Lias. We have no evidence of estuarine or true land conditions in 
the Upper Lias of any area in Britain, although the succeeding 
sandstones and shales of the Inferior Oolite in Yorkshire were evi- 
dently deposited in shallow water and contiguous to land on which 
flourished a luxuriant vegetation. Remains of true marine plants 
appear to be unknown in the Lias, and only sparingly occur in the 
succeeding Oolites. We should rather expect to find evidence of 
moderately deep-water Algze in both the Lower and Upper Lias, the 
character of the clays being such as to preserve delicate tissues or 
organisms. 

AmorpHozoa (Spongida).—The only genus known (Grantia) be- 
longs to the Calcispongie. The Great Oolite is the only horizon 
where the Amorphozoa predominate ; we there find 9 out of the 11 
known Jurassic species; these are noticed under the horizon in 
which they occur. 

Rarzopopa (Poranunifera).— Recent research into the history and 
distribution of the Secondary and Tertiary Rhizopoda has greatly 
added to the number of known species. In the Lias alone there are 
23 genera and 100 species; 17 of these are Triassic also. 84 of the 
100 occur in the Lower Lias, the more important genera being Cris- 
tellaria, Dentalina, Marginulina, Frondicularia, Polymorphina, and 
Planularia; the species belonging to these 6 genera number 56, the 
remaining 17 genera having few representatives, namely 30 in all. 
36 of the 84 species pass to the Middle Lias, or are common to the 
Lower and Middle divisions. 20 species appear in all three divisions 
of the Lias, and 9 in the Lower and Upper divisions only. No species 
probably passes to higher strata, although our lists record forms of 
Dentalina (D. communis) as common to the Coral Rag, Kimmeridge, 
and Lias. So also with Marginulina and Polymorphina; but these 
are probably doubtful determinations, as they do not appear to occur 
between. Our exact knowledge of the structure and distribution of 
the Liassic species is due to the elaborate researches of H. B. Brady, 
Esq., F.R.S., and the industrious collecting of Messrs. Tate and Blake, 
as recorded in their valuable work on the Lias of Yorkshire; to Dr. 
Carpenter, W. K. Parker, Esq., and Prof. Rupert Jones we are also 
deeply indebted for their exhaustive researches into foraminiferal 
zoology. D’Orbigny, Reuss, Bornem, Terquem, Romer, and others 
have greatly added to the literature and history of these deep-sea 
forms of life; and the late explorations of the ‘Challenger’ have 
shown us the value of paying close attention to the minute zoology 
of the sea-bed and its significance in enabling us to determine the 
history of the Foraminifera and Spongida through space and time. 
Their time-history is a subject of the highest interest and import- 
ance stratigraphically. The Dactyloporide range from the Trias to 
the seas of today; the genus Gyropella constitutes vast masses of — 
limestone in the Trias of the Bavarian and Tyrolese Alps ; Lituola 
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and Endothyra range from the Carboniferous rocks to the present 
day, and, like G'yropella, form entire beds of limestone. The remark- 
able Carboniferous genus Saccammina also forms entire beds of lime- 
stone in the Carboniferous rocks of the South of Scotland and the 
North of England, yet from that time, through all the newer de- 
posits, down to the Postpliocene and recent periods it has never 
occurred*. The colossal and complicated genus Parkeria from the 
Cretaceous rocks (Upper Greensand) of Britain, and the fusiform 
Loftusia of Eocene age from Persia, the IMiliole which constitute 
the Eocene Miliolite Limestone of the Paris basin, and which com- 
menced in the Lias, are examples of the Imperforata that have played 
an important part in the seas of the globe, and in the construction 
of the rocks in which they occur. The second suborder, the Per- 
forata, or those having hyaline or vitreous calcareous shells, illus- 
trated by the Lagenida, Globigerinida, and Nummulinida, abound 
in the Trias and Lias. 

The most important genera, or those possessing most species, are 
Cristellaria represented by 12 species, Dentalina 17, Marginulina 9, 
Planularia 8, Polymorphina 11, Frondicularia 7, Nodosaria 7. 7 
of the 23 genera have only | species; 3 have 2 species. 

84 species occur in the Lower Lias, 48 in the Middle, and 33 in 
the Upper Lias. The succeeding 6 stages or horizons possess none ; 
only 3 species occur in the Oxford Clay, 1 in the Coral Rag, and 13 
in the Kimmeridge Clay. This unequal distribution cannot be 
accounted for on “zoological grounds only ; did they occur between 
the Upper Lias and the Kellaways Rock in Britain, we should 
have observed them ; all evidence tends the other way. 10 genera 
and 17 species appear to be common to the Trias (Keuper marls) 
and Lias, chiefly Lower Lias. None occur in the intermediate Rheetic 
beds, so far as we know. 

Catenrprata. Hydrozoa.—l am not aware that any species of 
this class occur in the Jurassic rocks of Britain. The subclass 
Discophora, through the order Meduside, and the subclass Lucer- 
narida, through the 2hizostomide, are represented in Jurassic rocks 
on the continent; the Meduside, through members of the existing 
families Aquor ide and Tr achymenide, have left their i impressions in 
the highly levigated lithographic stone of Solenhofen (Kimmeridge) ; 
and the genus Hew arhizites of the Rhizostomide: represents the 
Lucernarida in the corresponding remarkable deposits at Pappenheim 
and Kichstadt. Doubtless this class was abundantly represented in 
the seas of the Lias and those which laid down the higher Jurassic 
rocks in Britain ; but the delicacy of their tissues and their possessing 
no hard skeleton or structure, and there being no deposit, save the 
‘“‘white Lias” at the base of that formation, which could have 
preserved such delicate organisms, would stand in the way of their 
being recognized. 

Actinozoa.—17 genera and 80 species have been described from 
the Lias; 13 genera and 72 species from the Lower Lias; 6 genera 


',* We have here a remarkable instance of the continuity of a genus from the 
Carboniferous period, but which has never been recognized in intermediate strata. 
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and 8 species from the Middle; and 2 genera and 2 species from 
the Upper Lias. Only 1 of the 72 Lower Lias species (Mont- 
livaltia excavata) passes to the Middle Lias; it is questionable if 
Lepidophyllia hebridensis is both Lower and Upper Lias; and I 
even doubt if Vontlivaltia excavata above mentioned really occurs 
in the Middle Lias; should this be so, no single form passes from 
the Lower Lias to higher beds, the 8 Middle Lias species being quite 
distinct. The genera represented by the largest number of species 
are Astrocenia (14 species), Lsastrea (7), Montlivalia (20), Sep- 
tastreea (4), and Thecosmilia (14 species). 4 genera are recognized 
by a single species each, viz. ? Cyathophyllum xnovum, Lato- 
meandra denticulata, Oppelismilia germinans, and Rhabdophyllia 
recondita ; Elyastrea and Thecocyathus have only 2 representatives 
each, HE. Fischert and #. Moore, and 7’. rugosus and T. Moore:; I 
name these because of their rarity, and to show that the paucity of 
species is probably due to want of research. The preponderance of 
species in the genus Montliwaltia in the British Jurassic rocks is 
ereater than that of any other genus of corals; no less than 43 
species are known; 21 occur in the Lower, 3 in the Middle, and 
1 in the Upper Lias; 11 species occur in the Inferior Oolite, 3 in 
the Fuller’s earth, 3 in the Great Oolite, and 1 in the Coral Rag 
(M. dispar). Of the genus Astrocena, out of the 14 species known, 
no less than 13 belong to the Lower Lias; and Thecosmilia is in 
much the same case, for out of the 19 species catalogued 14 are also 
Lower Lias. 3 genera, with only a single species in each, occur in 
the Middle Lias; and I believe only 2 genera and 2 species are 
known in the Upper Lias; they are Montlvaltia tuberculata and 
Trochocyathus promus. 

No Actinozoa (Aporosa) occur in either of the 3 divisions of the 
Lias of Yorkshire ; and the same may be said of Dorsetshire. There 
scarcely appears any physical reason why such should be the case, 
unless the Lias of the north and south of England was accumulated 
under deep-sea conditions or under depression, conditions unsuitable 
to coral growth ; whilst the more central portions of England, now 
Warwickshire, Oxfordshire, Northamptonshire, &c., were probably 
rising or stationary, giving time for the coral fauna to be developed. 
Certainly most of the Lower and Middle series of the Jurassic rocks 
were deposited in moderately shallow water. In Yorkshire, from 
the Dogger upwards to the Kellaways Rock, or the base of the Ox- 
fordian group, this was certainly the case ; and in Northamptonshire 
the same. All the Jurassic rocks of Yorkshire only yield 12 species, 
3 in the Lower and 9 in the Middle Oolite. 

Middle Lias.—Astrocenia Oppelir, Cyclolites cupuliformis, Lepi- 
dophyllha hebridensis, Montlivaltia foliacea, M. Vietorrw, M. excavata, 
Thamnastrea Etheridgit, and Tricycloseris Anninigie are the only 
Actinozoa known in the Middle Lias; their geographical distribu- 
tion is as varied as the species are few. The following Table 
(XVII) will show their distribution :— 
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Taste XVIII. 


Bs} BD | = a | 
Se, 8 ga |S ee 
Mai & O21" Oe ae 
Astroccenia Oppelii ......... | * 
Cyclolites cupuliformis ...) * | 
Lepidophyllia hebridensis .|_ ... mA | ae ee ie * 
Montlivaltia foliacea......... A gad eh ee x 
| —— Victoriz ...........+00. =o ¥ pa * 
GRCT VED | bs pcs stile lvatee oe vee Cp ae Me Dia : 
Thamnastrea Etheridgii...) + x Pie) | / 
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The Middle Lias, although so well developed in England, especially 
in Yorkshire and the extreme south of England at Lyme Regis, con- 
tains few or no corals in any of the zones, of which 5 are readily 
distinguished ; in ascending order they are the zones of:—1st, 
Aigoceras Jameson ; 2nd, Amaltheus ibex; 3rd, Agoceras Henleyi ; 
Ath, Amaltheus margaritatus; and 5th, Amaltheus spinatus, above 
which conformably rests the Upper Lias. This is not, however, the 
place to fully discuss the fauna of these zones. That of the zone of 
Aigoceras Jamesoni is large and remarkable, including no less than 
15 species of Ammonites and 24 species of Belemnites, 12 genera and 
28 species of Gasteropoda, 31 genera and 63 species of Lamelli- 
branchiata, 16 species of Brachiopoda, 7 genera and 9 species of 
Crustacea, 9 species of Annelida, 5 genera and 8 species of Echino- 
dermata, and 14 genera of Foraminifera with 48 species. Oxford- 
shire, Somersetshire, Dorsetshire, Yorkshire, with Pabba, Scalpa, 
Skye, Raasay, and the Hebrides, show the wide distribution of the 
zone of Am. Jamesoni. The fossils from this zone of the Hebridean 
Jura have been carefully studied by Dr. Wright, F.R.S.¢ They are 
essentially the same as those of mid-England, Yorkshire, or Dor- 
setshire. In Somersetshire all three zones of Jamesont, ibex, and 
Henleyi have so thinned away as to be comprised in 9 feet of strata ; 
but even in this insignificant thickness there occur 12 species of 
Ammonites, 10 genera and 18 species of Gasteropoda, 21 genera 
and 28 species of Lamellibranchiata, and 6 genera and 14 species of 
Brachiopoda. 

Foreign Equivalents or correlation.—North and South Germany 
possess this extensive zone of the Middle Lias; it is the equiva- 
lent of the Numismalis Marl of Swabia. The ironstone beds worked 


+ “Notes on the Fossil Collection, by Mr. Geikie, from the Lias of the Isles 
of Pabba, Scalpa, and Skye,” Quart. Journ. Geol. Soe. vol. xiv. p. 24 (1858). 
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at Harsburg, Liebenburg, Bodenstein, &c., are on this horizon. At 
the foot of the Swabian Alps, in South-western Germany, the Numis- 
malis-Marls contain the type fossils of the British equivalents. In 
France the Jamesoni-beds occur, and are well developed in several of 
the departments. In Normandy Deslongchamps includes them in 
the ‘ Calcaires et Marnes 4 Terebratula numismals.’ In the Cote d’Or 
Collenot describes the Jamesoni-beds, and divides the Middle Lias 
into 4 zones, according to the prevailing Ammonites, in descending 
order :— 

The zone of Aigoceras Henley ; 

The zone of Afgoceras Daveer ; 

The zone of Aigoceras venarense ; 

The zone of Afgoceras Valdani. 


In the departments of the Cher and Aveyron Lytoceras fimbriatum, 
Amaltheus margaritatus, and Afgoceras Jamesoni hold their respective 
positions. In the department and basin of the Rhone, Dumortier 
shows the extensive development of this division, and divides the 
Middle Lias of the Rhone basin into two great zones, the lower 
division being that of Beleminites clavatus, the upper that of Pecten 
aquivalvis. 

Zone of Amaltheus ibew.—-The beds containing this Ammonite 
and some 8 or 10 other species long ago occupied the attention 
of De la Beche and Murchison; they are the Upper Marls (in 
part) of De la Beche, occurring at Golden Cap and Black-Ven, 
at Lyme Regis*. 

Sir Roderick Murchison, in 1845, with Prof. Buckman (Geol. of 
Cheltenham, 2nd ed. p. 42) recognized and described these beds, 
which were then exposed at Battle Down, near Cheltenham, Leck- 
hampton, Churchdown, and Dumbleton. The tenacious yellow clays 
and hard ferruginous nodules distributed through the series of beds 
yield numerous Mollusca; amongst them <Amaltheus ibex, Aigoceras 
Valdam, Zé. Maugenesti, Lytoceras fimbriatum, and Phylloceras Los- 
combi are conspicuous and well known. The highly typical Cardinia 
attenuata abounds in the ferruginous nodules, with Arca truncata and 
A. elongata, and associated with Rhynchonella furcillata, R. rimosa, 
and Pecten priscus. I know of no Actinozoa from this zone. 

The most exhaustive notice and description of the Ibex-series is 
that prepared by Mr. HK. B. Tawney, M.A., in his paper upon the 
“ Lias of the neighbourhood of Rederoe His memoir is of great 
value as tending to clearly and definitely fix the position of the — 
Munger beds near Radstock. 

The general persistency of the Ibex-clays and limestones above 
those containing Zigoceras Jameson is thus maintained, although the 
latter is found associated by Mr. Tawney at Munger with . Mau- 
genesti, A. Valdani, Lytoceras fimbriatum, &e. This gives to &. 
Jamesoni a long range in time. 


* De la Beche, ‘‘Lias of Lyme Regis,” Geol. Trans. 2nd ser. vol. ii. p. 22, 
1823. 
ii Proceedings Bristol Nat. Soe. vol. i. p. 178 (1875). 
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In Dorsetshire it occurs below the Davei series. Oppel, in his 
‘Die Juraformation : die Schichten des Ammonites Ibex,’ p. 122, and 
Wright, “ Ibex-bed” (Quart. Journ. Geol. Soc. vol. xiv. p. 25), in his 
table, shows the correlation of the beds on the continent with 
those of Gloucestershire and Scotland (Skye). 

Upper Lias.—Only two species of Actinozoa have as yet been de- 
tected in the Upper Lias of the British Islands ; they are Montlivaltia 
tuberculata and Trochocyathus promus. The last-named is from the 
Ilminster beds; and Montlivaliia tuberculata occurs at Adderbury, 
near Banbury. 


The Actinozoa of the Lias therefore essentially belong to the lower 
division and to the lowest zones. The zones of goceras planorbis, 
AG. angulaium, Arietites Bucklandi, A. Turnert, A. raricostatus, and 
Aigoceras Jamesoni yield most of the 72 Lower-Lias species known. 
No Tabulata or Perforata have as yet been discovered ; and although 
the Rugosa (fam. Stauridee) have occurred in a single instance in the 
Upper Secondary rocks (Upper Neocomian), yet neither in the Liassic 
nor Oolitic series have any been detected. Holocystis elegans there- 
fore is the only true compound representative of the rugose Corals 
above the Carboniferous Limestone. (Species are said to occur in 
the Tertiary beds and living ; this may require confirmation. ) 

Prof. P. Martin Duncan, F.R.S., has, however, shown that the 
majority of the Corals of the lowest members of the Lias are pecu- 
liarized by the imperfection of their septal arrangement ; the distinct 
development of definite cycles in six systems is rarely observed ; and 
it would appear that this high organization was not attained in the 
forms which had varied from Paleozoic into Mesozoic species*. 

The remarkable section at Dunraven, in Glamorganshire, where 
the Sutton Stone is exposed, has yielded corals which Laube has 
described as occurring in the St. Cassian beds of the Trias; they are 
Thecosmilia rugosa, Rhabdophyllia recondita, and Elyastreea Fischeri. 
The occurrence of these species in the zone of digoceras angulatum 
of the Infra Lias is significant and interesting. 

The genera which are represented in the zones of dfgoceras 
planorbis aud Aigoceras angulatum are Montlvaltia, Rhabdophyllia, 
Thecosmilia, Oppelismilia, Isastrea, Astrocenia, Cyathoconia, Klyas- 
trea, Septastrea, and Latomeandra. 

The luxuriance of the species in the above zone in South Wales 
and one or two other localities shows that the Lias is not the un— 
coralliferous formation it was once believed to be; and each of the 
succeeding recognized Ammonite zones has a distinct specific coral- 
fauna. -The following Table (XIX.) illustrates the distribution 
of the Actinozoa in the zone of Atgoceras angulatum. 


* Monog. Brit. Foss. Corals, 2nd ser., Palzontographical Society, pt. 4. no i. 
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Only 7 species are known in the zone of Arietites Bucklandi, 
and the same 7 occur also in the Angulatum-beds below ; other- 
wise the faunas of the.two zones differ essentially. These 7 corals 
are Montlivaltia Guettardi, Septastrea eveshann, Lepidophyllia 
Stricklandi, Isastrea endothecata, I. insignis, I. Stricklandi, and 
Cyathocenia globosa. The preponderance of Cephalopoda in these 
beds is a marked feature, especially at Lyme Regis, where the 
Bucklandi-beds are nearly 100 feet in thickness. The same horizon 
in Yorkshire, at Robin Hood’s Bay and Redcar, is hidden or covered 
at high water, and ranges under the German Ocean. The Cote d’Or 
in France exhibits these Bucklandi-beds with a rich fauna, no less 
than 52 species of Ammonites alone occurring therein. 

No corals are known in the Turneri-beds, and only 2 species 
appear to have come from the Obtusus-Shales and Limestone bands, 
although physically the zone is thick, being nearly 100 feet. 
Many genera of fish and Saurians occur in the Obtusus-series at Lyme 
Regis. In North and South Germany and France the species are 
the same as those of Britain. 

‘No Actinozoa have been detected in the zone of Amaltheus oxynotus, 
either at Lyme Regis or Cheltenham, or at Robin Hood’s Bay in 
Yorkshire. 
| The succeeding series of shales and clays, composing the Arictites- 


raricostatus zone, have yielded 4 species, viz. Montlivaltia rugosa, M. 
mucronata, M. radiata, and M. nummiformis. In the vale of Glou- 
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cester, at Honeybourne in Warwickshire, at Lyme Regis, and at Robin 
Hood’s Bay we have the same lithological conditions, chiefly com- 
prising dark pyritous shales, the absence of limestones being a 
marked feature. 

The coral fauna of the Zgoceras-angulatum, or Infra-Lias, beds, we 
have seen, numbered nearly 50 species; but the total number of 
species known in the succeeding 6 zones is only 13; 6 of these are 
Montlivaltie and 4 Isastree, Septastrea, Lepidophyllia, and Cya- 
thocema having only one species each. 

No coral fauna occurs in the zone of dyoceras Henleyi, or in 
those of Amaltheus margaritatus and A. spinatus, although all three 
groups of strata characterized by these three species are completely 
developed in England, especially the two last named. I shall have 
occasion to notice these zones in detail in my remarks upon the 
distribution of the Cephalopoda; it is essential, however, to notice 
them here under the Lias for the purpose of illustrating the 
distribution of the Actinozoa. 

Four of the zones into which the Upper Lias can be readily 
divided—viz. the zones of Harpoceras serpentinum, H. bifrons, Lyto- 
ceras gurense, and Harp. opalinum—contain only two species of 
corals throughout their known range; as before stated, these are 
Montlivaltia tuberculata and Trochocyathus primus*, The dark 
clays and sandy beds in Yorkshire, with Stephanoceras commune, 
Harpoceras faleiferum, Stephanoceras crassum, Harpoceras elegans, 
and many others, are rich in all groups but the Coelenterata. 

The coral fauna then of the 3 divisions of the Lias is a singular 
illustration of stratigraphical distribution and physical conditions : the 
Lower Lias, and chiefly the lowest zones of the group, have yielded 
72 species representing 13 genera; the Middle Lias only 8 species 
belonging to 6 genera; and the Upper Lias 2 genera and 2 species. 
We have no reason to suppose that many other species occur ; though, 
looking at the development of the Upper Lias, laterally and vertically, 
in Britain, they may be expected to be more abundant: be it re- 
membered that the seas of Britain at present contain but one or two 
species, and their habitats are not congenial for preservation. 


EcurtnopERMATA.—The Jurassic rocks of the British Islands are 
known, up to the present time, to contain 47 genera and 216 species ; 
the Lias, in all the three divisions, 20 genera and 53 species. 
In the Lower Lias 11 genera and 15 species occur; in the Middle 
14 genera and 29 species; and in the Upper 8 genera and 14 species. 
Few species occur in any of the Lias genera of Echinodermata 
except Pentacrinus, of which 2 occur in the Lower, 9 in the Middle, 
and 6 in the Upper Lias; with this exception, no genus in either of 
the three divisions is represented by more than 5 species, the 
number possessed by Ophioderma. The remaining 10 genera are 
very sparingly represented. 


* Trochocyathus Mooret is a doubtful species. 
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In the Lower Lias :-— 


Acrosalenia .. possesses 2 species. 
Apiocrinus .. oe Lye 2 
Cidanis: (Ua, 5 ‘oe oe 
Extracrinus .. S a Aaya 
Hemipedina.. pH fark 3 
Ophiolepis .. 5 dn} 
Pentacrinus.. % Br the 
Plicatocrinus . 3 Po si 
Plumaster .. Me Teta 
Pseudodiadema ef 1 ae 
i 
The Middle Lias presents similar results :— 
Acroura .... yields 1 species. 
Aspidura .... y Lae 
Astropecten .. - band na 
Cidaris ..... . |. - ‘eae 
Extracrinus . . ee i he? 
Hemipedina . . “a due Ph dige’ 
Ophiolepis .. i i am CK 
Pentacrinus . . : gin a? 
Plumaster ... <a po) Ascot 
Pseudodiadema <. ls pes 
Rhabdocrinus . ae 
Tropidaster .. . ae 
Wraster “. . ... ie + nike 
Ophioderma .. Ms “Sage 
28 


The Upper Lias possesses a much smaller fauna, and no species 
passes from either of the three divisions of the Lias to any higher 
horizon; the succeeding beds of the Inferior Oolite contain 33 
species, all totally new. The Upper Lias genera and their specific 
value is expressed as before :— 


Acrosalenia .. has yielded 1 species. 
ONdarIs: goa e ~ Ba thas 
Diplocidaris .. " Lies 
Hemipedina .. i Lo vas 
Ophioderma .. oe EN is) 
Pentacrinus .. ” Os jiray 
Pseudodiadema . Bie uts 
14 


39 

No Paleozoic form lived on into the sea of the Lias. The one 
single genus known in the Permian rocks, Archwocidaris, modified 
through descent from the Carboniferous Limestone and Permian 
rocks, may perhaps have been the progenitor of the Cidaride of the 
Lias; no other type of the Echinoidea has been transmitted. The 


150 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 


Crinoidea, so abundant in the Carboniferous seas, are represented in 
the Lias by Lthabdocrinus, Exvtracrinus, and Pentacrinus, the older 
Paleozoic forms disappearing in the Permian rocks. No form of 
irregular Kchinoidea (Echinoidea exocyclica) has yet been detected 
in either of the three divisions of the Lias. They first appear in 
the lowest bed of the Inferior Oolite, and are there individually 
very abundant. 

Lower Inas.—The lowest beds of the Lias (the zone of Zgoceras 
planorbis) yield at Lyme Regis and other localities Cidaris Edwardsit, 
Pseudodiadema lobatum, Hemipedina Bechei, H. Bowerbankii, and 
H, Tomesit. 

The zone of goceras angulatum has also yielded Cidaris Edwardsit 
and Hemipedina Tomesir, together with Pentacrinus psilonoti and 
P. basaltiformis. In Yorkshire, Dorsetshire, and Warwickshire this 
zone yields a remarkable and prolific fauna, especially of Gasteropoda 
and Lamellibranchiata. Messrs. Tate and Blake, in their ‘ Yorkshire 
Lias,’ exhaustively detail the history of this zone in Yorkshire. Prof. 
Tate, in 1867 (Q. J. Geol. Soc. vol. xxiii.), described the Lower Lias 
of the north-east of Ireland, both the zone of dgoceras planorbis 
and that of Belemnites acutus, and also the fossiliferous zone of 4. an- 
gulatum. From eight localities he gives a list of 102 species. The 
researches of Jules Martin in the Angulatum-beds of the Cote d’Or, 
and those of MM. Terquem and Piette, in the “ Lias Inférieur de 
Vest de la France” (Mém. de la Soc. Géolog. de France, 2 sér. 
tome vill. p. 1), have greatly advanced our critical knowledge of 
these lower divisions of the Lias of France, and thrown much 
light upon the history of the English deposits of the same age. 
In Yorkshire alone nearly 120 species occur in this zone, 50 of 
which are Lamellibranchs and 27 Gasteropods, with 5 species of 
Ammonites, A. Conybeart and A. Johnstont being amongst them. 
Some species pass to the succeeding Bucklandi-beds, but not sufficient 
to allow of any union of the two zones. No species in any 
genera occurring in the Lias pass to the Inferior Oolite or higher 
beds. In the Bucklandi-series no new forms have been detected, 
either in France or England. One only, Acrosalenia minuta, is 
added to the fauna of the Oxynotus-series. The same species, 
with Pentacrinus scalaris and P. psilonoti, pass to the zone of 
Arietites raricostatus. 

Middle Lias.—The rich and prolific horizon of digoceras Jamesona 
includes Ophioderma Gaveyi, Pentacrinus Milleri, Pseudodiadema (?), 
Plumaster ophiuroides, Extracrinus subangularis, Millervcrinus Haus- 
manni, Pentacrinus punctifer, P. robustus, and P. levis. 

Both in the north and south of England the Capricornus-clays 
and limestones, which succeed everywhere the Jamesoni-series, ex- 
hibit new forms of the Echinodermata, chiefly the Asteriade. They 
are Uraster carinatus, Tropidaster pectinatus, Luidia Murchisoni, 
Plumaster ophiuroides, Astropecten Hastingsiw, Ophioderma Millera, 
O. Gaveyi, O. carinatum, Ophiolepis Murrayi, O. columba, and Penta- 
crinus interbrachiatus. These are chiefly northern species charac- 
terizing the Middle Lias of Yorkshire at Staithes, Boulby, Robin. 
Hood’s Bay (N. Cheek), Huntcliffe, &c. 
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. The Lias in Gloucestershire and Worcestershire, as well as in 
Yorkshire, characterized by Agoceras Henleyi contains nearly the 
same species as those just mentioned, Rhabdocidaris Moraldina, Hema- 
pedina Jardini, Ophioderma Brodie, and Pentacrinus punctifer being 
newly added. None of the German beds have yielded so large an 
Asteroidal or Crinoidal fauna as our own Middle and Lower Lias; but 
little can be said for the abundance of the Echinoidea all through 
the Lias. 

The Asteroidea and Crinoidea in the widely-extended zone of 
Amaltheus margaritatus, which is to be traced from the Cleveland 
area in Yorkshire to the coast near Lyme Regis, are nearly the 
same species as in the preceding, Pentacrinus gracilis, however, being 
hitherto unobserved. The Scotch beds on this horizon do not appear 
to possess remains of either the Echinoidea or the Asteroidea. 
Although the deposits at Skye and Raasay are largely developed, 
the Yorkshire sections have hitherto yielded the richest harvest 
in this group: Aspidura loricata, Astropecten Hastingsie, Ophio- 
derma Miller, Uraster carinatus, Ophiura Murrayt, &e. all occur 
in the fine section at Staithes. 

Upper Inas.—From Somersetshire to Yorkshire the Upper Lias 
carries with it successively or intermittently the series of clays and 
pseudo-limestones containing the defined horizons of Stephanoceras 
annulatum, Harpoceras serpentinum, and H. bifrons; and in these 
beds, mostly in the middle of England, occur Acrosalenia crinifera, 
Cidaris ilminsterensis, C. Moore, Diplocidaris Desori, Hemipedina 
Etheridge, Palwocoma carimata, 6 species of Pentacrinus, Pseudo- 
diadema Moore, and P. wickense. Not a single species of Hchino- 
* dermata that I have named, nor any of the 53 species ‘known 
to occur in the whole of the Lias, pass the upward limits of the for- 
mation, or are common to the Oolitic beds above. 

AwnnELIDA.—F orty-five species have been described from the entire 
Jurassic series, from the Lias to the Portland. Serpula, Vermilia, 
and Ditrypa are the only three genera known in the Jurassic rocks, 
if we omit Vermetus. Fourteen species occur in the three divisions 
of the Lias, and illustrate the three genera named :—Serpula, with 
8 species in the Lower and 3 in the Middle Lias; Ditrypa, with 
2 species in the Middle Lias; and Vermilia, with 2 species in the 
Upper. Serpula lituformis, S. socialis, and Vermalia sulcata are all 
that pass to the Inferior Oolite or any higher beds. We should 
have expected, from so large a specific fauna in the Lias (14 
species belonging to only 3 genera), that more species would have 
passed to higher horizons, the division Tubicola (to which all 
belong) including moderately deep-sea forms, scarcely subjected to 
the same vicissitudes as certain genera of Mollusca, littoral in their 
habits. 

The 45 species of Annelida are distributed very unequally through 
the Jurassic series: 11 species occur in the Inferior Oolite, 3 in the 
Fuller’s Earth, 7 in the Great Oolite, 1 in the Forest-marble, 5 in 
the Cornbrash, 1 in the Kellaways Rock, 2 in the Oxford Clay, 7 in 
the Coral Rag, 3 in the Kimmeridge Clay, and 4 in the Portland 
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Oolite, which, with the 14 in the Lias, gives nearly 60 appearances. 
Few species have a long range; three, however, may be named— 
Serpula intestinalis, from the Great Oolite to the Coral Rag; 
Serpula tricarinata, from the Fuller’s Earth, intermittently, to the 
Coral Rag; and Serpula lacerata, Great Oolite and Coral Rag. The 
remainder are scattered according to their habitat and the shells &c. 
to which they are attached. 

Crustacea.—Of the 24 genera and 64 species that are known in 
the Jurassic rocks, 14 genera and 42 species occur in the Lias— 
12 genera in the Lower Lias, 1 in the Middle, and 6 in the Upper; 
and, respectively, 33, 1, and 12 species. No Liassic species passes the 
limits of the Upper Lias: 13 of the 33 Lower-Lias species belong to 
the Ostracoda (Bairdia 4 species, Cytherella 1, Cythere 7, Polycope 1); 
these are of little value in classification. No species is common to both 
the Lower and Middle Lias; and 3 species (Hryon antiquus, Glyphea 
Heervi, and Palinurus longipes) are Lower and Upper Lias only, not 
having as yet been found in the intermediate or Middle Lias. The 
chief genera are Eryon, Eryma, and Gilyphea. Hryon is entirely 
confined to the Lias (5 species in the Lower and 3 in the Upper). 
Eryma also, with one exception (#. Babeaui), is confined to the 
Lias, 3 species being inthe Upper division. Glyphea, with 11 species, 
is represented by 5 Lower-Lias, 1 Upper-Lias, and 1 Great-Oolite 
species, 3 Cornbrash, 2 in the Kellaways Rock, 2 in the Oxford 
Clay, 2 in the Coral Rag, and 2 in the Kimmeridge Clay, making 
18 appearances through the same species occurring in different 
horizons. Four genera (dger, Scapheus, Pseudoglyphea, and Hefriga) 
have only 1 species each. The 3 former are, however, Lower Lias, 
and the last named is an Upper-Lias genus. It may be said that 
not a single species occurs in the Middle Lias, for only an Ostracod 
(Cytherella crepidula) seems to enjoy the privilege of being alone in 
that division. Nine of the 12 species that occur in the Upper Lias 
are peculiar to it; owing to their value as illustrating the Upper 
Lias and not ranging to higher horizons, I name them :—Hryon 
Hartmann, EL. Moore, Eryma elegans, HE. fusifornus, LE. Greppini, 
Hefriga Frischmannii, Palinurina pygmea, Peneus latipes, and 
P. Sharpe. 

Bryozoa.—Only 3 genera and 6 species are known in this division 
of the Jurassic rocks, although 19 genera and 51 species range 
through the entire series. The Great Oolite yields by far the 
greatest number of species (31); the Inferior Oolite, next in value, 
has yielded 7 genera and 17 species. The Lower-Lias genera are 
Berenicea, Neuropora, and Spiropora, with 4 species. Spwropora 
liassica is a Middle-Lias form, and the only species occurring in that 
division. Berenicea Archiaci is the only species that has yet appeared 
in the Upper Lias. No form passes to the Inferior Oolite, although 
17 species are recorded from that horizon. The single form in the 
Fuller’s Earth is Terebellaria ramosissima. The higher beds will be 
described in their turn. 

Bracutopopa.—Lower lias. The Liassic Brachiopoda number 16 
genera, with 124 species, 10 genera and 36 species of which occur in 
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the Lower Lias; of these, 16 species pass to the Middle Lias, and 7 
occur in all three divisions. These last are Discina reflewa, Rhyncho- 
nella furcillata, R. variabilis, Spirtferina rostrata, Thecediwm Moorez, 
T. rusticum, and T. triangulare. Rhynchonella is represented by 
64 species in the Jurassic rocks, with 91 appearances. Another 
rich genus is Terebratula, in which 67 species occur; and Wald- 
hema has 44, To show their distribution through Jurassic 
time, I append the following short Table (XX.). The remaining 
13 genera are very restricted in range, which gives them their chief 
Significance. This will be apparent when I construct a general 
Table of the distribution of the Brachiopoda at the close of the 


' Jurassic period. 
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Middle Inas.—No less than 14 genera and 74 species occur in 
the Middle Lias. The three chief genera in the above Table yield 
42 species. Only 4 species of Rhynchonella pass to the Upper Lias, 
viz. R. furcillata, R. pygmea, KR. variabilis, and LR. cynocephala ; none 
to the Inferior Oolite or higher beds. In Terebratula only 1 species 
(7. globulina) is common to the Middle and Upper Lias, and none 
out of the known 12 ranges higher. Waldheimia, according to the 
last reconstruction of the genus, and the removal to it from the genus 
Terebratula of certain forms found to differ essentially from the latter 
in their internal structure, now numbers 44 species, 13 of which 
occur in the Lower Lias, 13 in the Inferior Oolite, and 8 in the 
Cornbrash ; the remaining species are irregularly distributed through 
the other ten horizons. Yerebratula is the genus most largely repre- 
sented in the Jurassic rocks. In the Inferior Oolite 31 species are 
known, and in the Middle Lias 10. The remaining 11 genera 
average only 4 species in each. In the Lower Lias 4 species are 
known, in the Middle Lias 10, and in the Upper Lias only 3. 

LAMELLIBRANCHIATA.—Few perhaps would believe, unless they 
paid close attention to the paleontology of the Jurassic rocks, that 
no less than 1368 species of Lamellibranchiate Mollusca occur in 
the 13 divisions. The Lias alone has yielded 65 genera and 457 
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species, 171 Monomyarian and 286 Dimyarian forms. They are 
thus distributed :— 


Monomyaria.—18 genera and 114 species occur in the Lower Lias. 
16 “ GOOLE Ps . Middle Lias. 
fs * ee . Upper Lias. 


Only 5 genera and 8 species pass up to the Oolitic rocks, and thus 
unite the two formations, clearly showing that considerable change 
must have taken place in the physical conditions of the sea on 
the introduction of the more calcareous deposits of the Oolitic rocks. 
10 of the 18 genera and 23 of the 114 species in the Lower Lias 
pass to the Middle Lias; but only 2 genera and 2 species are common 
to the Lower, Middle, and Upper divisions, viz. Lima punctata and 
Pecten textorius; and Lima punctata ranges to the Inferior Oolite. 
This clearly shows the restricted range of the species of the Lower 


and Middle Lias. Of the 16 genera and 60 species that occur in | 


the Middle Lias, 6 genera and 8 species pass to the Upper Lias, and 
5 genera and 8 species to the Inferior Oolite. In the Upper Lias 
22 of the 32 species are confined to it. The number of Mono- 
myarian species that pass from the Lias to the Oolitic rocks is 13, 
the connexion occurring through Lima bellula, Perna rugosa, Avicula 
mequivalvis, Hinnites abjectus, H. velatus, Lima electra, L. punctata, 
Pecten demissus, P. articulatus, P. comatus, Pinna fissa, P. Hart- 
manni, and Gervillia Hartmanni. So restricted are the species that 
only 6 of the above 13 range higher into the Oolitic rocks than 
the Inferior Oolite, viz. Hinnites abjectus, H. velatus, Lima bellula, 
Pecten demissus, P. articulatus, and Perna rugosa. 

In Yorkshire Messrs. Tate and Blake have exhaustively studied 
the whole Lias scries, placing in the several Ammonite-zones their 
associated Molluscan contents. The following Table exhibits, as 
near as can be, the result of their Yorkshire labours in the single 
group Monomyaria :— 
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These twelve zones are clearly defined in Yorkshire, and may be 
studied along the coast, from the Peak to Redcar, in many of the 
deep valleys, and on the tableland of Lofthouse, Easington, and the 
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Cleveland area. They are distributed through about 1300 feet of 
strata*. 

The Monomyarian fauna of the Lias of other typical localities 
varies much in number of species. That of the zone of Agoceras 
planorbis, in Britain, seldom exceeds 6 or 8 species; on the con- 
tinent, at Halberstadt, Wirttemberg, in Swabia, the Cote d’Or, &c., 
it is extensively developed and rich in species. 

The zone of Arietites Buckland? at Saltford, near Bristol, at Lyme 
Regis, near Watchett, in the Harbury beds, at Penarth Head, and 
in Lincolnshire gives much the same general result in collecting 
as that of Yorkshire, namely, about 10 genera and from 18 to 20 
species. The French deposits in the Cote d’Or also yield almost the 
same species and percentage. 

The beds with digoceras Jamesoni, near Cheltenham, have yielded 
6 genera and 138 species. 

Fenny Compton, in Warwickshire, has avery large fauna, 12 genera 
and 28 species of the Monomyaria; but this fine section has yielded 
no less than 206 species in all groups. This is due to the careful 
collecting and critical knowledge of Mr. Beesley, of Banbury. The 
. same zone at Radstock yields 15 species; and its extended range to 
Scotland (Pabba, Skye, and the Hebrides) 13 species, and in almost 
every instance the same. 

The Aigoceras-Henleyi beds at Mickleton, Lyme Regis, Charmouth, 
Cheltenham, &c. furnish about the same number. The Amaltheus- 
margaritatus beds in Gloucestershire, Dorsetshire, and Somersetshire, 
and in the islands of Raasay and Skye, are the same, species for 
species. The succeeding Amaltheus-spinatus beds in Gloucestershire, 
Dorsetshire, and Skye give the same result. This zone, in its several 
localities, varies but little; the same genera and species occur 
everywhere. 

The well-known beds containing Harpoceras bifrons, Stephano- 
ceras commune, and S. crassum, which range from Whitby to Somer- 
setshire, under many lithological aspects, have yielded to Mr. Beesley, 
from the eastern portion of the Banbury and Cheltenham railway at 
Bloxham, in Oxfordshire, a rich series of organic remains; amongst 
them the Mollusca are very numerous. No less than 22 species of 
Cephalopoda occur (12 Ammonites, 8 Belemnites, and 2 Nautili). Of 
Gasteropoda 10 genera and 12 species; Lamellibranchiata 18 genera 
and 25 species; Brachiopoda 4 genera and 7 species; Annelida 
1 genus and 6 species; Echinodermata 4 genera and 4 species; 
Crustacea 2 species; and Rhizopoda (Foraminifera) 8 genera and 
24 species; in all 50 genera and 102 species. Amongst the Ammo- 
nites in this section occur Lytoceras cornucopie and Phylloceras 
heterophyllum, the latter species being by no means common in the 
south and west of England. 


* Vide Tate & Blake, ‘ Yorkshire Lias,’ pp. 1938-197, and passim. 
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Tasre XXI.—Showing the value of 12 chief Genera of Monomyarian 
Mollusca in the three Dwisions of the Lias with relation to the 
same Group in the whole of the Jurassic rocks. 
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Carpenteria, Placunopsis, Posidonia, Posidonomya, Pteroperna, 
and Spondylus yield only 1 species each, and the characteristic 
genus Crenatula 2 species. 

Dimyaria.—This great and important group of the Mollusca 
occupies a prominent position in the history of the Lias, which 
exceeds the Carboniferous in number of species, the numerical value 
of the genera being the same. 245 species are known in the 
Carboniferous rocks; and the Lias in all three divisions has, up to 
the present time, yielded 45 genera and 286 species, 


the Lower Lias yielding 36 genera and 188 species, 
the Middle ,, go Ee hye eae Bae 
the Upper _ ,, ty! Bboe agl’ tae ion te 


with comparatively few passing to the higher members of the Jurassic 
group. 


11 genera and 12 species pass to the Inferior Oolite, 


ag fs | ay - Fuller’s Earth, 
Givin, fh = Great Oolite, 

i sents: ve J, Forest Marble, 
2 genera: 5. 2 1 ee ms Cornbrash. 


No Lias form appears above the Cornbrash. 
The preponderating genera (16), or those having most specific re- 
presentatives in the Lias, are given in the following Table (X XII.) :— 


ad 
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The value of the same 16 genera I now give (Table XXIII.) for the 
whole of the Jurassic rocks to show increase or decrease in time, 
from the Lias upwards; this is, of course, only so far as we know ; 
but it helps us to understand the distribution, both in space and 
time, when the faunas of sections are under consideration :— 


Taste XXII. 
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Besides these 16 genera quoted from the Lias, there are others 
of much importance, zoologically considered, having first appeared 
with these in time. Amongst them must be named Anatina, Ar- 
comya, Cardita, Ceromya, Hippopodium, Homomya, Macrodon, Myo- 
concha, Opis, Protocardium, Trigonia, Unicardium, &c. Most of 
these genera play an important part in the history of the Lower 
and Upper Secondary rocks, especially the Jurassic, which will be 
alluded to under their respective horizons. These 12 genera include 
195 species, all of which occur in the J urassic group, including the 
Lias, which forms so important an integer at the base: 51 of the 
195 are Lias species generally, 22 are Lower-Lias proper, 24 Middle- 
Lias, and only 9 occur in the Upper Lias. Cyprina, Gastrochena, 
Tsocardia, Lithodomus, Myophoria, Quenstedtia, Sowerbya, Solen, 
and Thracia are only represented in the Lias by 1 species each. 
Closer search will doubtless add to this scanty specific fauna. The 
accompanying Table (XXIYV.) illustrates the distribution of the 
above 12 genera through the Lias. 


Tapte XXLV.—Additional Genera to the 16 before tabulated occurring 
in the Lnas. 
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Following on the analysis made of the Monomyurian group from 
the Lias of Yorkshire, I now do the same for the Dimyaria from the 
same area, which important district cannot be overlooked, first on 
account of the high development and stratigraphical value of the 
whole of the Lias formation there, and, secondly, owing to the exhaus- 
tive nature of the researches of Messrs. Tate and Blake, which have 
caused the Lias of Yorkshire to be regarded as a type to which we 
must now refer the rest of Britain. Accepting then, as I do, the 
value of the Ammonite-zones as a means of registering the fauna of 
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a given set of beds thus characterized, I give the value of the 
Dimyarian fauna of the Yorkshire Lias in the following 12 zones 
adopted by the above authors :— 


The zone of 
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The affinity between the Liassic Dimyarian Lamellibranchs and 
those of the succeeding Inferior Oolite is manifested only through 
11 genera and 12 species. This emphatically shows a great change 
in the physical condition of the sea-bed, when the whole of the 
Dimyarian Bivalves, numbering 286 species, less the 12 (274), 
ceased to exist or otherwise migrated. The 11 genera and 12 
species are Astarte modiolaris, Cypricardia acutang ruler Goniomya 
angulifera, Homomya er assiuscula, Leda lachryma, Modiola Sower- 
byana, Myacites tenuistriatus, Ma yoconcha crassa, Mytilus lunularis, 
Pholadomya fidicula, Trigonia formosa, and 7’. spinulosa. The de- 
termination of these connecting species as bearing upon distribution 
under physical changes, enables us to state confidently the lines of 
demarcation between large divisions of the stratified rocks where a 
physical unconformity does not exist; yet causes existed at the time 
of deposition to extensively modify the then existing fauna. Five 
genera and 5 species range from the Lias to the Fuller’s Earth; 
6 genera and 6 species to the Great Oolite; and only 2 species to the 
Cornbrash, viz. Homomya crassiuscula and Leda lachryma, both 
moderately deep-sea forms. Comparing then the figures which 
numerically represent the Dimyarian fauna of the Lias with those 
of the immediately succeeding and conformable Oolitic rocks, the 
result is remarkable. It will stand thus :— 


In the Lias 45 genera and 286 species occur ; 
BO to, wat, Neier oe 9 oe Tl the Lower Lias, 
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of which only 11 genera and 12 species pass to the Inferior Oolite, 
whose Dimyarian fauna numbers 47 genera and 236 species. Thus 
these two extensive formations, whose united Dimyarian fauna alone 
equals 62 genera and 522 species, are linked together by only 12 
species belonging to 11 genera, and only 2 species from the whole of 
the Lias pass to the Cornbrash. This small but representative 
series of species which passed the confines of the Upper Lias and 
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connected (with other groups) the Lias and the Lower Oolite, re- 
quires critical examination ; they are all abnormal either in size or 
habit, dwarfed or semideformed. 

Very few species occur in the lowest zones of the Lower Lias. 
Those beds, characterized by the presence of Aigoceras planorbis, 
possess only 3 or 4 species, Protocardium Phillipsianum, Plewromya 
crowcombeia, Unicardium cardiordes, and a Cardinia allied to C. cras- 
siuscula. All these pass to the Angulatum-beds above, in one or 
other of the areas, where exposed; they are also common con- 
tinental species at the same horizon. Mr. EK. B. Tawney, in his 
paper ‘On the Western Limits of the Rheetic beds in South Wales”*, 
and Professor Tate, in his memoirs, “On the Fossiliferous Development 
of the Zone of Ammonites angulatus in Great Britain”, and “ On 
the Lower Lias of the North-east of Ireland,” discuss this distribution. 
Mr. Tawney, in 1866, was the first to notice the extension of the Rheetic 
and Infra-Lias beds in their most westerly range or extension; for 
the first time, too, the white Sutton-stone series received from him 
careful attention. We were then made’ acquainted with the series 
of beds at the Southerndown cliff, at the base of which, immediately 
above the Chert band, Mr. Tawney obtained Ostrea multicostata and 
Lima tuberculata, the former a Muschelkalk species, which, with 
the Astroccenian corals, also mostly of that age, gave rise to the 
hope that we may have in that area some direct representative of the 
missing member of the Trias in Britain. Two Ammonites were de- 
tected by Mr. Tawney in the Sutton-stone series. From these white 
beds he obtained 33 species; from the succeeding Southerndown 
beds 12; and from the Avicula-contorta beds 25 species. The Avi- 
cula-contorta series, noticed so far west in England for the first time, 
numbered 25 species; 7 genera of Monomyaria, and 4 genera of 
Dimyarian Mollusca, with 21 species, occur in the Sutton Stone. 
Professor Tate in 1863 described the Rheetic and Liassic strata near 
Belfast ; from the latter he obtained 55 species, 13 amongst them 
being Monomyarian bivalves and 16 Dimyarian. 

In 1867, in his paper published in the Journal of our Society 
upon the Lower Lias of the N.E. of Ireland, Mr. Tate regarded the 
Lower Lias of Ireland as capable of being divided into 4 members or 
series, namely :— 

1, the zone of Ayoceras planorbis; 2, the zone of dfgoceras angu- 
latum; 3, the zone of Arietites Bucklandi; and 4, beds superior to 
those with A. Bucklandi, which he termed the Belemnites-acutus zone, 
the equivalent of the ‘“ Belemnitic beds” of the Lower Lias of 
France, Germany, and England (Lyme Regis), and the highest 
beds of the Lias known in Ireland. The singular “ Portrush” 
beds Mr. Tate unhesitatingly referred to the zone of goceras pla- 
norbis; only 5 species of Dimyaria occur therein, the remaining 8 
being Monomyaria; only 5 species of the whole 18 are re- 
stricted to the zone. The succeeding beds belong to the zone of 


* Quart. Journ. Geol. Soc. vol. xxii. (1866). 
t Ib. vol. xxiii. (1867). 
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Aigoceras angulatum, whose fauna is Hettangian, being identical with 
that of the Grés infraliasique de Hettange, and the Cote-d’Or beds 
containing Ammonites Moreanus inferior to those with Ammonites 
Bucklandi and Lima gigantea. The Bucklandi-beds with the persis- 
tent Ostrea arcuata (Gryphea incurva) exceed all others; and the 
latter species marks with unerring certainty the above horizon, 
readily distinguishing the Bucklandi- from the Angulatus-series, which 
is equally crowded with Ostrea wrregularis. Prot. Tate enumerates 
no less than 38 species from his zone of Belemnites acutus at Ballin- 
toy, including 12 species of Dimyaria and 7 Monomyaria, with 9 
Ammonites and 2 species of Belemnites. 

In the same year Mr. Tate critically noticed and discussed the 
“ Fossiliferous Development of the Zone of Ammonites anqgulatus 
in Great Britain,” giving a copious list of the contents of the zone 
from five localities; 15 genera and 25 species of Dimyaria are given, 
chiefly from Ireland and Marton. . The Monomyaria number 8 
genera and 22 species. The series recorded by Mr. Tate from the 
Angulatus-zone includes 100 species—78 from the Irish beds, 46 from 
Marton, 12 from Down-Hatherly, 16 from Brocastle, and 4 from Sut- 
ton. 30 species are common to the Irish and Marton beds. In 1870 
Mr. Tate again published an important paper upon the “ Paleon- 
tology of the Junction-beds of the Lower and Middle Lias in 
Gloucestershire’ *. He there records 50 species from the zones of 
Amaltheus oxynotus and Arietites raricostatus, and from the suc- 
ceeding Aigoceras-Jamesont beds no less than 116 species; 60 of 
these 116 pass to higher zones, and 14 species are common to the 
Lower and Middle Lias of that area. The Dimyaria number 16 
genera and 27 species. Mr. Tate proposed upon faunal grounds to 
draw the line separating the Lower and Middle Lias between the 
zones of Arietites obtusus and Amaltheus oxynotus, thus giving a 
total of 164 species for the united zone, 6 passing to the Middle Lias. 

The rich beds of the Jamesoni-zone at Fenny Compton, rendered 
conspicuous by the fine collection made from them by Mr. T. Beesley, 
F.C.8., of Banbury, have yielded a large Dimyarian fauna: no less 
than 19 genera and 35 species are in Mr. Beesley’s collection from 
this one horizon and locality alone. 

Few bivalve species occur in the zones of Agoceras Henleyi and 
Amaliheus ibex. The only good description of the latter zene 
and its contents is due to the researches of Mr. E. B. Tawney, who 
has most carefully and critically examined the species in this zone 
near Radstock, in Somersetshire +. Here the Ibex-beds are associated 
with the Jamesoni-series, and seven or eight species of Ammonites, 
including Aigoceras brevispina, A’. Jamesoni, and Amaltheus ibex, 
seem to be characteristic here. The Dimyarian fauna of the zone of 
Amaltheus margaritatus in Gloucestershire and Dorsetshire, as con- 
trasted with that of Yorkshire, is not large. Again, in Rutland it 
can be divided into five sections, from the yellowish-brown sandy 

* Quart. Journ. Geol. Soc. vol. xxvi. p. 394 (1870). 


t ‘Notes on the Liasin the Neighbourhood of Radstock,” Proc. Bristol 
Naturalists’ Soc. vol. i. p. 178 &, (1875), 


VOL, XXXVIII. 17 


162 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 


strata up to the Limestone rock, or ‘‘ Rock-bed.” In Rutlandshire, 
as in Dorsetshire, Stephanoceras commune and S. annulatum are 
occasionally associated with the Marlstone, or Middle-Lias species, 
Amualtheus spinatus; yet they cannot be said to occur normally 
together. Amaltheus spmatus occupies the summit of the Middle 
Lias, and is immediately succeeded by Stephanoceras commune 
and S. annulatum. This division of the Lias constitutes a striking 
physical feature all through England, especially in the Midland 
counties; and its fossil contents are equally marked. The Middle 
Lias of Rutlandshire has been described by Professor Judd *; and 
every species known therein has been carefully noted by him. He 
names 5 species of Ammonites, 4 of Belemnites, 7 genera and 
12 species of the group Dimyaria, and 11 genera and 13 species of 
Monomyaria, or 27 genera and 41 species, besides the characteristic 
species of Brachiopoda, to be obtained from the Marlstone of Rut- 
landshire. The Middle Lias of Gloucestershire, Dorsetshire, Somer- 
setshire, Northamptonshire, and Lincolnshire yields the same forms, 
the fauna being more or less specifically abundant. 

The important wpper division of the Middle Lias, or the zone of 
Amaltheus spinatus, must be seen, to be understood, in all areas. 
In Yorkshire, as before stated, it is finely developed, physically and 
palzontologically. Hawsker Cliffs, Staithes, Boulby, and the Cleve- 
land area all yield an abundant Lamellibranchiate fauna. Between 
40 and 50 species of Dimyaria, belonging to 25 genera, enrich the 
Spinatus-beds. Everywhere on the continent it is the same; in 
Germany, France, and Belgium, all sections yield the same species. 
The succeeding Upper Lias, with Harpoceras serpentinum and 
H. bifrons, everywhere when fully developed yields proportionately 
about the same number of genera and species of Lamellibranchiata, 
and always the same Ammonites. The general condition of the 
Upper Lias and its fauna is delineated by Prof. Judd in the memoir 
on Rutland just quoted (loc. cit. pp. 79-89). I cannot pass over 
the important paper “ On the Lias of Dorsetshire,” by Mr. E. H. 
Day, published in 1863 T. Mr. Day has done more to elucidate the 
physical history and paleontology of the Middle and Upper Lias of 
Dorsetshire than any other investigator. It was at my suggestion, 
after I had prepared measured sections of the beds on the coast, 
that Mr. Day undertook to describe all above the Lower Lias. Sir 
H. de la Beche, thirty-four years previously (1829), had, in the 
‘Geol. Trans.’ 2 ser. vol. i1., described generally the succession 
on lithological grounds. Much was known of the details of the 
Lower Lias through the extensive collections made “ along shore” 
for saurians and fish t. JI can do no more than refer to Mr. Day’s 
paper for his physical facts, and give his results as to the fossil con- 
tents of the zones or particular beds. The Middle Lias of Black Ven, 


* Mem. Geol. Surv., ‘‘ Geol. of Rutland,” &c. pp. 64-78, J. W. Judd, F.G.S, 
1875, 

t+ Quart. Journ. Geol. vol. xix. p. 278. 

t The great series of fossil fish in the possession of Lord Enniskillen and the 
late Sir Philip Egerton came from the Lower Lias, which ranges from Pinhay 
Bay to the foot of Black Ven, the Middle Lias yielding few forms, 
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Stonebarrow Hill, and Westhay Cliff, the grand exhibition at Golden 
Cap, and the Middle and Upper Lias of Down Cliffs, are all delineated 
by Mr. Day in true dip succession. He enumerates 13 genera and 
15 species of Monomyaria, and 30 genera and 35 species of Dimy- 
aria, from the middle division of the Lias, along the Dorsetshire 
coast. From the so-called ‘“« Belemnite-beds,” persistent in all the 
above-named clifis, Mr. Day obtained evidence of the occurrence 
of 38 species—amongst them 9 species of Ammonites, the dominant 
species being goceras Henleyr, 4. Becher, Phylloceras Loscombza, 
and Lytoceras fimbriatum ; 5 species of Belemnites, and the remark- 
able Xiphoteuthis elongata, noticed by De la Beche thirty-six years 
before ; 2 species of Nautili, and 2 Ichthyosauri, J. communis and I. 
tenuirostris. The remaining 19 forms are chiefly Lamellibranchiata. 

The locally so-called Green Ammonite beds containing Am. lati- 
costatus, Sow., with Phylloceras Loscombi, Am. heterogenus, and 
Aigoceras Dave, are a marked feature in all the sections. These beds 
have yielded 16 species, 9 of them Cephalopoda, 4 Gasteropoda, and 
2 Saurians ; only 1 Lamellibranch has occurred. Beds called the 
‘“‘Three Tiers ” conspicuously mark a special horizon in the 
cliffs at Westhay and Golden Cap, surmounted by the ‘“ Shell- 
bed,” so called from its rich assemblage of Conchifera, about 30 
species occurring. Resting upon this thin yet prolific Shell-bed is 
the well-known “ Starfish-bed,” containing Ophioderma Egertont 
and its var. O. tenwibranchiata: this bed forms a remarkable feature 
in the grand face of the cliffs at Golden Cap. The fauna of the 
succeeding Middle Lias sands is then given by Mr. Day (25 species). 
He then notices the single bed of Marlstone above the sands 
with Amaltheus spinatus, which contains no less than 94 species, 
18 Brachiopoda, 9 species of Monomyaria, 23 Dimyaria, 25 Gastero- 
poda, 8 species of Ammonites, with Belemnites, Echinodermata, 
Annelida, &c. The dying-out of the Middle Lias here, and the 
commencement of the Upper Lias, result in the appearance of 
5 well-known Upper-Lias Ammonites, Stephanoceras crassum, 
Harpoceras serpentinum, Stephanoceras commune, S. Holandrei, 
and Harpoceras radians. The same thing occurs in Rutlandshire, at 
Edmondthorpe and Wymondham, as stated by Professor Judd in 
his memoir, p. 71. Mr. Day, in his endeavour to account for this 
abnormal condition, says:—‘ Nor is this bed, so valuable in the 
abundance of its paleontological evidence, less suggestive of physical 
facts. This thin and interrupted bed, which I consider to be the 
representative of the Marlstone, the pebbles and small boulders 
imbedded therein, the perforations of the Lithodomi, the masses of 
shells here and there collected into hollows, as it were, of the 
underlying rock, the Serpule covering the shells and pebbles, and 
the very intermixture of Upper-Lias species, all point to a sea- 
bottom upon which for a long period, little or no deposit took place, 
the waterworn fragments which lie upon it, on the contrary, indi- 
cating that, during that period, previously formed strata were again 
destroyed. From what I have seen of the junction of the Middle 
with the Upper Lias, both here and at Glastonbury in Somerset- 
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shire, I have been led to believe that, immediately previous to the 
deposition of the Upper Lias, some disturbing cause for a time 
changed the direction of the currents which had brought here the 
mud and sand of the Lower and Middle divisions, and that, in place 
of continuing gently to lay down these deposits, the action of the 
water was for a time, and over certain districts, confined to the 
destruction of beds previously formed and consolidated” *. 

Mr. Day and myself had ample opportunities of examining this 
bed, both high up in the cliff and from fallen blocks on the shore. 
T doubt not it is the precise equivalent of the Calvados Middle and 
Upper Lias, the figures of the fossils in which Deslongchamps and. 
D’Orbigny have made classical. The topmost layer also contains 
from 18 to 20 species. Probably nothing in Britain equals this bed 
for the crowded condition and perfection of its fossils, also a cha- 
racter which to some extent applies to the whole series of the Middle 
Lias group below. 

The literature of the Lias and Oolite has been enriched by the Rev! 
J. E. Cross with a description of a previously almost unknown area. 
In his paper in our ‘ Quarterly Journal’ for Nov. 1875 fT, Mr. Cross 
described a considerable portion of North-west Lincolnshire, carrying 
on, indeed, the work done by Prof. Judd and Mr. Sharp in the southern 
part of the county. ‘ It is,” remarks Mr. Cross, “a corner of the 
land unknown to fame,” but now “celebrated commercially by the 
recent discovery of a most extensive and valuable deposit of iron- 
ore.” This iron-ore deposit occurs in the Lower Lias, in the 
zones of Arietites Bucklandi and Arietites semicostatus. Mr. Cross 
minutely describes the physical aspect of the beds, ranging from 
the Angulatus-series to the Marlstone, above the zone of yoceras 
capricornus, and carefully describes in the text of his paper the 
leading features of the successive stages, and their chief associated 
fossils. His paper describes a series of ascending strata from the 
Keuper to the Great Oolite inclusive, with most carefully prepared 
lists of fossils from each formation. I can here only notice the 
Lias. From the Lower Lias of the valley of the Trent, Fordingham 
railway-cutting, the Scunthorp ironstone, and the Pecten-bed and 
its clay, Mr. Cross has obtained 48 genera, and 110 species, viz. :— 


Genera. Species. 


prnmmonites.s 09. ees 1 9 
Belemmites.../ 9 22 1 4. 
Prantibas 252% Tee 1 fi 
Gasteropoda ........ 3 T 
Pintyaria’ 2). 86 72% 26 37 
Monomyaria 0235 9 31 
Brachiopoda ........ 5 7 
Echinodermata ...... iL 3 
Coelenterata. .......% i 1 

48 110 


* Day, Quart. Journ. Geol. Soc. vol. xix. p. 294. 
t+ “On the Geology of North-west Lincolnshire,” by the Rev. J. E. Cross, 
M.A., F.GS8., Quart. Journ. Geol. Soc, vol. xxxi. pp. 115-130 (1875). 
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From the Middle Lias of the Santon railway-cutting Mr. Cross 
obtained 16 genera and 26 species. ‘Taken in connexion with the 
Yorkshire Lias to the north of the Humber, and the greatly de- 
veloped beds of Lower and Middle Lias to the south of Mr. Cross’s 
area of investigation, few papers have added more to our knowledge 
of the Lower Lias. The value of the work done in the higher mem- 
bers of the Jurassic group I will notice under that head. Six new 
species were added to the Lias and Oolite by Mr. Cross, viz. Tancredia 
ferrea, Cross; T. liassica, Cross; Hippopodiwm ferri, Cross ; 
Cucullea Rolandi, Cross; C. suttonensis, Cross; and Astarte diva- 
ricata, Cross. The three first named are Lower Lias, the remain- 
ing three Inferior Oolite. I have since visited the localities and 
sections described by Mr. Cross, with my late colleagues Messrs. 
Strangways and Ussher, adding greatly to my knowledge of the 
Brigg area and these Lower-Lias iron-ore beds. 

Prof. Judd, in his Rutland Memoir (Joc. cit.), has, from personal 
observation, named 21 genera and 52 species from the Lower Lias, 
and from the Middle Lias 22 genera and 38 species; but the 
fauna of the Upper Lias is poor in all but Ammonites, and this 
is the case generally south of the Humber. 15 genera and 28 species 
occur; but of this number 13 species belong to the Ammonites. 

GasreropopA.—No less than 76 genera and 1015 species of this 
class occur in the Jurassic rocks in the British islands; and 51 
genera and 388 species are now known in the Lias. They are dis- 
tributed as follows :— 


41 genera and 226 species occur in the Lower Lias, 
yal A 136 AS Middle Lias, 
19 2 5d és Upper Lias ; 


but only 6 genera and 6 species pass to the Inferior Oolite, none 
to the Fuller’s Earth, and only 1 genus and species (Amberlya capi- 
tanea) to the Great Oolite and Forest Marble. None range higher. 
These 6 genera and 6 species I will dispose of at once. They are 
Acteonina pulla, Amberlya capitanea, Cerithium papillosum, Natica 
adducta, Onustus pyramidatus, aud Plewrotomaria princeps. Those 
genera most largely represented, and therefore probably of the 
highest stratigraphical value, are the following :— 


Acteonina, yielding : sp., 3of which occur in L. Lias, 3 in M. and 2 in U. Lias. 


Cerithium, 4 30 FS 1Ov 3 10 ” 
Chemnitzia, 23 15 ah Bri Ley 2 ” 
Discohelix, 9 6 ” 2 ”? 1 ” 
Eulima, 10 3 ” 8 ” Ty ” 
Melania, 9 9 ” rae Oe = ” 
Patella, 10 8 ” 2 ” Fema, ” 
Pleurotomaria, 39 24 Be ON avi 
Trochus, 4l 19 ” 7 ae Sri Vy 
Turbo, 49 20 ” 23 ” 9 ” 
Turritella, i 8 ” 2 ” 2 ” 
259 145 98 33 


The genera Alaria, Amberlya, Cryptenia, Littorina, Natica, 
Nerinea, Neritopsis, Orthostoma, Phasianella, Pitonellus, Solarium, 
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Straparollus, and Tornatella average 5 species each. The ex- 
tremely rare genera having only one or two representative species 
each are :—Delphinula (D. nuda, in the Upper Lias, and D. reflexi- 
labrum in the Lower); Hucyclus (H. alpinus, and E. elegans, Lower 
Lias); Evelissa (EL. numismalis, Middle Lias); Hydrobia (E. solidula, 
Lower Lias); Monodonta (M. modesta, Middle Lias); Nerita (N. 
alternata, Lower Lias); Proserpina (P. Lyelli, Lower, and P. liasina, 
Middle Lias); Onustus, with 3 species: Pterochilus (P. primus, Lower); 
Pyrula (P. liasica, Lower); Tectaria with 3 species, all Middle ; 
Trochotoma with 3 species, and Rimula with 3 species, all Lower 
Lias. Only one of these 24 species (Onustus pyramidatus) ranges 
higher than the Upper Lias. This, added to the fact that only 5 other 
species of the largely represented class Gasteropoda, and 20 Lamelli- 
branchiata, pass to higher beds, shows how restricted is the whole 
Molluscan fauna of the Lias, which now numbers 948 species ; 7. e. 
26 out of 950 in round numbers pass upwards. The forms occurring 
in the Fuller’s Earth, Great Oolite, and Cornbrash are included among 
the 12 in the Inferior Oolite, but range higher. Of the 226 species 
of Gasteropoda occurring in the Lower Lias, only 18 pass to the 
Middle, and none to the Upper Lias, leaving 208 species as the abso- 
lute Gasteropod fauna of the lower division. The occurrences in the 
Middle Lias are 136 (true contents 118); but only 1 species (Z’urbo 
spinulosus) is common to this and the Upper Lias, out of the 136 (or 
118) species. This analysis shows the value and significance of the 
three divisions, and the importance, both stratigraphically and 
paleontologically, of the tripartite arrangement. 

Geographically, or in space, the Gasteropoda are intermittently 
distributed through England, the greatest known development being 
in Yorkshire and Warwickshire. I know of no species occurring in 
the zone of dfgoceras planorbis in England. In Yorkshire Messrs. 
Tate and Blake have recorded 14 genera and 26 species from the 
Angulatus-beds of Redcar; and Mr. Tate from the same zone, in five 
localities, Ireland, Marton, Cheltenham, Brocastle, and Sutton, cites 
21 genera and 39 species. M. Martin and M. Collenot, the former 
in his ‘ Pal. Strat. de Vinfra-Lias du Dépt. de Cote dor, and the 
latter in his ‘ Description Géologique de l’Auxois,’ catalogue no less 
than 46 species from the zone of Aigoceras angulatum. 28 species are 
recorded by Tate and Blake from the Arvetites- Buckland: beds of 
Yorkshire. The zone of Amaliheus oxynotus, standing between the 
rich Bucklandi- and Jamesoni-beds, contains few species—only 5 or 6 
genera and as many species. Nowhere in Europe is this zone rich 
in organic remains; and this is equally the case with the beds with 
Arietites raricostatus. From the famous Fenny Compton section in 
Warwickshire, and from the zone of Aigoceras Jamesoni, Mr. Beesley 
has obtained 30 species of Gasteropoda, representing 12 genera*. Mr. 
Tawney and Mr. Tate also record 18 species from the same zone at 
Munger, near Radstock ; and Mr. Tate, in his paper ‘ On the Pale- 


* Mr. Beesley has collected 200 species from this horizon at Fenny 
Compton, 
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ontology of the Junction-beds of the Lower and Middle Lias in Glou- 
cestershire,” enumerates 12 genera and 23 species of Gasteropoda 
from the Jamesoni-beds, 20 species of Belemnites, and 14 Ammonites ; 
indeed from this one zone alone he catalogues 115 species ; and from 
the same beds at Radstock 12 genera and 26 species of Gastero- 
poda. Neither the spinatus- or margaritatus-zones at Ramsay and 
Portree, in the Isle of Skye, although rich in Conchifera, have yielded 
any Gasteropoda ; but from the same horizon in Yorkshire 24 species 
have been collected. The higher zones of Stephanoceras annulatum, 
Harpoceras serpentinum, H. bifrons, and Lytoceras jurense, in the same 
county, yield about 30 species. The remaining Gasteropod fauna in 
the Upper Lias is scattered in few species over many localities, hardly 
to be expressed save through tabulation. From the Middle Lias of 
Dorsetshire, through the researches of Mr. Day, 40 species have 
been recorded, and these chiefly from the Golden-Cap and Down- 
Cliff sections. To carry the analysis to individual sections, cliff or 
otherwise, in the Liassic rocks, would entail endless detail; and the 
authors named have exhaustively worked out the faunas their 
respective papers illustrate. 

CrepHaLopopa.—Ammonitide. The species of Ammonites in the. 
Lias exceed in number the whole of the species in the other divisions 
of the Jurassic rocks. The total number of known Jurassic species, 
including the Lias, is 477. The number known in the three diyi- 
sions of the Lias is 293. 


173 occur in the Lower Lias, 
54 = Middle Lias, 
79 a Upper Lias ; 


and only 3 species pass to the succeeding Inferior Oolite; but I 
even doubt two of these. 

Very few species are common to all three divisions of the Lias, 
either in England or on the continent of Europe; indeed critical 
study demonstrates that few or none pass even from the Lower to 
the Middle, or from the Middle to the Upper Lias, and not a single 
form ranges through all three dwisions in Britain. The only 6 
species common to the Lower and Middle Lias are Afgoceras defossum, 
4, gagateum, Amaltheus Guibalianus, A. lenticularis, -digoceras 
plancosta ?, Am. Robinson. The only 3 species common to the 
Middle and Upper Lias are Am. calypso, Lytoceras cornucopic, 
and Lytoceras fimbriatum. Thus only 9 species out of 293 bridge 
over the two divisions of Lower and Middle and Upper and 
Middle Lias. I have stated that only 3 species of Ammonites 
connect the Upper Lias and the Inferior Oolite. Out of so large a 
specific fauna in one genus, and that a pelagic one, this is a 
remarkable generalization, and is not only given on my own autho- 
rity, but through the direct analysis I have made of the works of 
reliable paleontologists, German, French, and English. I stated 
above that the species in the Lias exceed in number all in the 
10 succeeding horizons. The most careful research shows that 
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the occurrences in the 10 horizons number 208. They are thus | 


distributed :— 
Species. 

Inferior ‘Golite 4.4.28) SVR Oke 
Mullers’ Marth wigs. Fay 5 
GreatDolite! Sov 5.2 a 
BorestmMiarble >). 20002 eck 2 2 
Rorahrash es. Tee eee 3 
Kellagays Rock’, :.cuev ei... 41 
OxfordWlay. 256. 8 necro pel 45 
Ooratimer@otite . |.) Peres ty 21 
Kimmemise' Clay 2.4. ee. dl 
PorblandOolite:.. . . .2.28eee uk 

208 


The same restricted range of species that occursin the Lias is equally 
marked between the Inferior Oolite and the immediately succeeding 
rocks. Only one species (Am. fuscus) passes to the Fullers’ Earth, 
none to higher beds. In stratigraphical geology the Ammonitide are 
of the highest importance ; and their value for the purposes of corre- 
lation over distant and extended areas is admitted by all competent 
observers. 

The families A%goceratide and Arcestide range through the 
8 Ammonitiferous zonal divisions ; and the genus goceras contains 
about 30 species. 


Species. 
The zone of AXgoceras planorbis yields ............ 
c AUD ie. ss ces as oe 5 
© Arietites Bucklandi (lower zone) ...... 1 
i 1 (upper, Zone) .. «swe 3 
. Amatheus O0V GRUB 6 p00 i> «+9, «ein ee 2 
. Arietites TAaTlCOStAGUS .. ss. . :»ix.«.a:- feces wR 1 
i Afgoceras Jamesoni .........6+ wen gl 20 
34* 


The genus Arietites is well distributed through the Lower Lias, 
and represented by 18 species. 


Species. 
The zone of Arietites Bucklandi (lower zone) Ag 5 
i - # (upper zone) . 6 
. # ortior see ov es cee 3 
7 ‘5 OUUUSUSTG ar cts se es «6 ee 2 
a 3 TATICORLADUS' )0).". . «dae 2 
18 


The family Arcestide, through the genus Amaltheus, charac- 


* Martin Simpson describes upwards of 50 species from the Lower Lias of 
Yorkshire. 
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terizes only one zone, that of Am. owynotus, in which there are 
6 species. 

The stratigraphical or zonal distribution of the Middle-Lias 
Ammonites, also through the 6 zones, is as follows :— 


Species. 

The zone of Aigoceras armatum.......... 3 
a es Jamesomi}4).. J200) 4 

2, Amaltheussibex y.5). 0 o. 24% 5 

ss Aigoceras: Henleyi .. 2... 1s 8 

nan Amaltheus margaritatus...... 4 

3 a Spina! i). . ee Ries 2 

26 


In the family Lytoceratide, the genus Phylloceras contains 
2 species and Lytoceras 2 species in the Middle Lias. 

The Upper Lias contains 36 species, Lytoceras 4, Phylloceras 2, 
Harpoceras 24, and Stephanoceras 6 species. 


The zone of Harpoceras serpentinum.... 7 species. 
i a GOFrOnS 60 blee F La 5 
‘3 Tyioceras qurense: <3 625s tae S, 
= Harpoceras opalinum...... As. Sx 


For lists of some species in the above zones see Dr. Wright, 
(Monogr. Lias Ammonites, Pal. Soc. part ii. Lias Form. pp. 66, 113, 
and 163). 


The zone of Arietites raricostatus has been recognized in the 
British Islands, Switzerland, France and 
Germany, Austria and Italy. 


is Amaltheus owynotus in England, France *, Switzer- 
land, Germany *, and Austria. 

Fp Arietites obtusus in England, Belgium, France, Swit- 
zerland, Germany, Austria, and Italy. 

55 ¥ Turnert in England, Belgium, France, 
Switzerland, Germany, and Italy. 

‘5 ‘ Bucklandi in the British islands, Belgium, 
France, Switzerland, Germany, Austria, 
and Italy. 

ie Aigocerus angulatum in the same areas. 

y P planorbis in all but Italy. 


Associated with these Lower-Lias Ammonites in their respective 
zones, in all the above regions, occurs nearly the same fauna as 
in the British isles. The Middle and Upper Lias type forms 
exhibit the same constancy in distribution, except that in France 
two more departments possess the Middle-Lias zones, represented 
by a rich fauna. 


* France in four departments, and Germany in Hanover and Wirt. 
temberg. 
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The constant Middle-Lias zonal divisions are the six following :— 


Amaltheus spinatus, represented in Britain, Belgium, France (6 
departments), Switzerland, Germany, Austria, 
Italy. ; 
a margart ak Britain, Belgium, France (6 departments), 
Switzerland, Germany, Austria, Italy. 
Atgoceras Henley, Britain, Belgium, France (6 departments), 
Switzerland, Germany, Austria, Italy. 
Amaltheus tbex, Britain, Belgium, France (6 departments), Swit- - 
zerland, Germany, Austria, Italy. 
Aigoceras Jamesoni, Britain, Belgium, France (4 departments), 
Switzerland, Germany, Austria, Italy. 
»  armatum, Britain, Belgium, France (2 departments), 
Switzerland, Germany, Austria, Italy. 


The Upper-Lias Ammonites that everywhere characterize similar 
definite horizons are the four following :— 


Harpoceras opalinum, England, Scotland, Belgium, France, Swit- 
zerland, Germany, Austria, Italy. 

Lytoceras jurense, England, Scotland, Belgium, France, Switzer- 
land, Germany. Austria, Italy. 

Harpoceras bifrons, England, Scotland, Belgium, France, Swit- 
zerland, Germany, Austria, Italy. 

- serpentinum, England, Scotland, Belgium, France, 

Switzerland, Austria, Italy. 


These 16 zones in the Lias, as they appear in time, hold a special 
fauna, and most of the species equally characterize the horizon in 
which they occur. The whole of the Secondary rocks, from the base 
of the Lias to the highest Chalk, have thus been subdivided and 
specialized by the Ammonitide—a classification holding good for 
Europe, India, and America, many species being the same both in 
the eastern and western hemispheres *. 

The whole of the 293 species in the Lias fall under these sec- 
tional divisions. A careful study of the Table (XX VI.) devoted to 
the analysis of the Liassic species reveals the remarkable fact that, 
with the exception of the Lamellibranchiata, of which 25 are com- 
mon, only 20 species out of 1827 passed to the Inferior Oolite, or 
in all only 33 genera and 45 species of all groups passed to the 
Inferior Oolite. They are Annelida ?, Brachiopoda 3, Monomyaria 
3, Dimyaria 13, Gasteropoda 8, and Ammonites }. No more com- 
plete palzeontological change occurs throughout the British rocks in 
one great conformable group. The result of the analysis of every 
thing known in the Lias, and the community of all species with 
the rocks above is expressed in the following Table (XXYV.), which 
shows the number of species that pass from the Lias to the higher 
divisions of the Jurassic rocks. 

* Consult the works of Studer, Suess, Waagen, Von Hauer, Reynés, 


Quenstedt, Oppel, Dumortier, Hart, Barrois, &., Wright, Judd, Tate and 
Blake, and many others. 
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TABLE XXY. 
ry ; # rid 
Liss = ee Pee pe 8 
= 4 o a oO 
° aS 5 = ° a0 
° a zo) Ne, Ves ae : 
Z 4 = o) =| 3 e || x) 
3 n © rs) 2) ae — eB la 2\e = 
ra © ee ee 5 4 4 al ~ ND rQ = Sp S 
© S) 2 ras} co 8/o,0 S 2 is} o (=) S om 2 SS 
q oO eS) rss a a) & = o mH 2) — 4 oS gS 4 
® Oy PS) |. 9 = = H ° iS) aXe) SKS) EIS) 
S)wo id ia. as om hy Ween | UTM Wore aesiraiag 
228 13 TUS 33 a Wy | 2 4 2 2 3 2 
281 1830} 72. es 418 45 iy ilak 2 4 2 2 3 2 
n n n 
m= oO cb) oO 
Ag oe | oe 
ES | SE | oe 
mea) & Q ee) 
3 
ee lee | ae 
2a oa os 
Go n a mn 8 n 
00.5 a0. 20,9 
-o/os | os 
ro, Q, Q, 
nm m mM 
Whole | Genera and The above are all Mollusca 
Lias species in Bivalves. except 2 Annelida in the 
Fauna. | each division. Inferior Oolite. 


Three Ammonites only are known to pass the boundary line 
between the Upper Lias and the Inferior Oolite; they are Harpo- 
ceras insigne, Harpoceras radians, and Harpoceras concavum. They 
are Upper-Lias forms, and lived on through the physical change 
that took place, or the transition from the conditions of argillaceous 
and, in places, arenaceous deposition, to those under which calcareous 
deposits were formed, the latter of which prevailed, with the exception 
of the Fuller’s-earth episode (a local one), up to the Oxfordian stage. 
The manifest change in the molluscan fauna from the Inferior 
Oolite to the Fuller’s Earth clearly shows the influence due to sedi- 
mentary habitat. As a group of species, probably no other so com- 
pletely died out at a special age as did that of the Ammonitide. 
293 species have been recorded from the Liassic strata of Britain ; 
173 of these occurred in the Lower Lias, 54 in the Middle Lias, and 
79 in the Upper, and only 2 or 3 of the Upper-Lias forms passed to 
the Inferior Oolite. Even between the Lower and Middle Lias 167 
species had either migrated or died out; for only 6 species out of the 
173 passed onwards and upwards into the Middle Lias, and, as already 
stated, not a single species of Ammonite rs common to all three divi- 
sions of the Lias in Britain. 

Nawutili.—Ten species are known in the Lias ; the occurrences are 
6 in the Lower Lias, 4in the Middle Lias, and 3in the Upper. The 
typical species are LN. intermedius, NV. latidorsatus, N. striatus, N. 
semistriatus, and NV. truncatus. No species passes to the Inferior 
Oolite, neither do we know of any species being common to all 
three of the divisions of the Lias. In so pelagic a form we should - 


172 PROCEEDINGS OF THE GEOLOGICAL SOCIETY, 


scarcely expect to find that the species occupied a given area for 
a long period of time without modification; hence the 6 Lower- 
Lias species may have stocked the succeeding Middle and Upper 
deposits. But only one species, JV. striatus, is both Lower and Middle 
Lias, and the only two species common to the Middle and Upper 
Lias are NV. inornatus and J. semistriatus. 

Teuthide.—This division of the Dibranchiata is but feebly re- 
presented inthe Lias. Geoteuthis bollensis is essentially Lower Lias ; 
Beloteuths Leckenbyi and B. subcostatus are Upper only, and do not 
occur higher. 3 genera and 4 species are all that are known. 

Belemnitide.—115 species are known to occur in the Jurassic 
rocks of Britain, 65 of which belong to the three Liassic divisions. 
21 occur in the Lower Lias, 27 in the Middle Lias, and 34 in 
the Upper. Not one of the species passes to the Inferior Oolite, 
in any area in Britain, or Europe. 7 species are common to the 
Lower and Middle Lias; they are Belemnites calcar, B. clavatus, 
B. longissimus, B, Milleri, B. nitidus, B. penicillatus, and B. virga- 
tus. Only one species, B. Milleri, appears to be present in all three 
divisions of the Lias. 

The Lias of Yorkshire through the researches and labours of 
Hunton, Phillips, Simpson, Leckenby, Tate, and Blake have yielded 
a large number of species; and to no one more than Mr. Simpson 
are we indebted for collecting and describing the species occurring 
in the Lias of Yorkshire. Prot. Phillips’s monograph in the Pale- 
ontographical Society’s Memoirs is the only reliable British work 
we possess since the memoir by Miller in the Trans. of the Geol. 
Soe. vol. ii. 1829. Simpson’s small but valuable work on the Lias 
of Yorkshire describes no less than 40 species. The close of the 
Lias brought with it a very great diminution of this group of the 
Dibranchiata ; only 16 species are known in the Inferior Oolite, 3 
in the Fuller’s Earth, 3 in the Great Oolite, none either in the Forest 
Marble or Cornbrash, 3 species in the Kellaways Rock, 13 species in 
the Oxford Clay, declining to 4 species in the Corallian beds, and 8 in 
the Kimmeridge Clay. No form is known in the Portland Oolite. The 
sudden introduction and development of the Belemnitide in the Lias 
calls for and demands much research, the two groups the Ammoni- 
tide and Belemnitidz having commenced in such numbers, and the 
latter declined so rapidly. 

Pisces.—43 genera and 132 species of Fish occur in the three divi- 
sions of the Lias. 40 genera and 106 species have been described 
from the Lower Lias, only 2 genera and 2 species are known to 
occur in the Middle Lias, and 6 genera and 18 species in the Upper. 
With the exception of 4 genera, Acrodus, Hybodus, Lepidotus, and 
Pholidophorus, which occur in and pass up from the Rheetic bone-bed, 
all the genera and species enumerated first appeared as denizens of 
the Liassic seas of Britain. I am not aware of any other Rheetic forms 
passing to the Lower Lias. Their distribution is extremely local ; 
the mass of the species of the Lower Lias have been obtained 
from Lyme Regis, and those occurring in the Upper Lias are chiefly 
from Whitby. The Lower Lias of Lyme Regis has been extensively 
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opened up and worked for “Cement,” the Upper at Whitby for jet 
and alum-shale ; and the working of these three products has un- 
doubtedly led to the making of large collections from the two areas. 
Yet, largely as these lower beds are worked at Barrow on Soar, 
only 6 genera and 7 species have hitherto occurred there. But it 
must be remembered that it is only the very lowest beds that are 
worked at Barrow, and that only a limited vertical section is exhibited. 
The genera and species occurring there are Cosmolepis Egertont, Dape- 
dius orbis, Lepidotus serratus, Pholidophorus Hastingsie, P. Strack- 
landi, Pycnodus liassicus, and Ptycholepis minor. Small as is this 
assemblage, it is the largest known out of the Lyme-Regis area. Thus 
the 106 Lower-Lias species are nearly all from the cliff-sections and 
foreshore at Lyme Regis. 
The genera most largely represented are the following :— 


* Aichmodus.... 11 species all Lower Lias. 

*Dapediis yi ef BS: 204, ad ae B 5 
Heenathusysngack2\ gyerkldoy:,, 55 1 Middle, 1 Upper Lias. 
Hybadus: visa! eilOid-s) peall’! | 5, E 
Meptolepist ands 9 Ge 5 Sy vey »» 4 Upper Lias. 
Pachycormus)...< Lh» 5; Araki2, », Sin Upper. 
Pholidophorus:.. 10 ,, all ,, yes 


The remaining 36 genera contain only one or a few species each ; 
23 are represented only by single species. 

Very few Lower-Lias species range into the Middle or Upper Lias. 
Eugnathus chirotes is the only form out of the 106 that is common 
to both Middle and Lower Lias, and Leptolepis Bronnt and Pachy- 
cormus leptosteus are the only two species common to the Lower and 
Upper Lias. No single form occurs in all three divisions. The 18 
species of Upper-Lias fish illustrate 6 genera, Hugnathus 1 species, 
Lepidotus 3, Leptolepis 4, Macrosemius 1, Pachycormus 8, and Pty- 
cholepis 1 species. This almost total dying-out of the Lower-Lias 
species, without any known or visible unconformity between that 
division and the succeeding Middle and Upper Lias, has yet to 
be accounted for. A zoological group so prolific in individuals as 
the Fishes, and pelagic in habit, must have constituted an important 
element in the long-continued history of the Lower-Lias deposits. 
The 36 genera with only a few known species each, and the 23 with 
only one and few individuals, conclusively show that when we have 
more exhaustively examined the Lias in its strike through Eng- 
land, these rarer genera will receive large specific additions. Our 
table shows at a glance the almost complete specific break between 
the Lower and Middle Lias, and the total change that took place at 
the close of the formation. The only 4 known Inferior-Oolite forms 
are Strophodus magnus, S. subreticulatus, S. tenwis, and Hybodus 
crassus, the last genus only being represented in the Lias. The 
58 Great-Oolite species stand alone also. 


* Zichmodus and Dapedius are probably one genus. 
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Reprria.—7 genera and 44 species are distributed through the 
Lias. Numerically they are— 


Dimorphodon ........ 1 species. 
*Ichthyosaurus ........ si alge 
Piesiassgrus: . 6... her. aes ae a 
Scelidosaurus ........ 5 SO ew 
PreMeossOrUus. .-... dan oe 5 ae 
Teleosaurgs 2.2.3 025.» Sy aes 
Pterodactylus ........ | i ee 


One genus (Ichthyosawrus) and 11 species of the order Ichthyo- 
pterygia occur in the Lias, 8 in the Lower, 4 of these in the Middle, 
and 3 distinct species in the Upper Lias. The latter are J. longi- 
rostris, I. crassimanus, and I, zetlandicus, the last 2 being of huge 
proportions and found only in the Upper Lias of Whitby associated 
with the equally gigantic Sauropterygians Plesiosaurus Comptoni 
and P. Cramptont. None of the 11 pass to higher beds; and I do 
not know of any genus or species occurring in either the Inferior 
Oolite or the Fuller’s Earth in Britain. Plesiosaurus (Sauropterygia) 
is illustrated by 26 species in the Lias, 18 of which are Lower, 
1 Middle, and 9 Upper. P. brachycephalus is Lower and Upper, and 
P. costatus Lower and Middle. 

Scelidosaurus.—This remarkable terrestrial Dinosaur has occurred 
as yet only in the Lower Lias of Charmouth, near Lyme Regis. It 
was described by Prof. Owen in the Paleontographical Society’s 
volume for 1861-62, and shown by him to be allied to Jguanodon. 
It is believed to have more terrestrial habits than any previously 
discovered in Liassic deposits. 

The Crocodilian genus Steneosaurus, belonging’to the Mesosuchia 
of Huxley and allied to Teleosaurus, 3 species of Teleosaurus, and 
the Pterosaurian (Ornithosaurian) genus Pterodactylus complete 
the list of Reptilian genera from the Lias. Prof. Sollas has added to 
our knowledge of the Sauropterygia, through his description of a new 
species (Plesiosaurus Conybeari) from the Lias of Charmouth, and 
his observations upon P. megacephalus, Stutchb., and P. brachyce- 
phalus, Owen. A most valuable synoptical table of the geogra- 
phical distribution of the Plesiosaurs is appended to the paper, 
drawn up by the Rey. G. F. Whidborne, M.A., in which every known 
British species of Plesiosaur is given, with horizon, locality, and 
references to literature. The entire paper is a valuable contribution 
to our knowledge of this group of the Reptilia. 
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§ 4. Inrertor Oorits. 


Priant#.—The Jurassic Plante number 63 genera and 192 species, 
4] genera and 130 species of which are confined to the Inferior 
Oolite, not one of them, so far as we know, passing the upper limits 
of that formation. The remaining 61 species chiefly occur in the . 
Lias, Great Oolite, and Coral Rag, the 7 species in the latter 
formation being special to it. Almost every species occurs in the 
estuarine shales and sandstones of the Yorkshire coast, either in the 

Scarborough or Whitby area. The Middle Shales and Sandstones 
contain 17 genera and about 50 species, the Lower 13 genera and 
30 species. The chief genera are Otozamites, 10 species, Pecopteris, 
22, Phlebopteris, 8, Pterophyllum, 9, Sphenopteris, 16. 15 genera 
possess only 1 species in each, 15 genera 2 species, 4 genera 3 species, 
and 2 genera 4 species. This shows us that many of the genera 
must be established on very slender evidence, which the poverty 
of the material seems to warrant upon critical examination. In 
Yorkshire, or the classical locality, the Hqwisetacee are illustrated by 
2 species, the Lycopodiacee by 1, the Filicee by 53 species, the 
Cycadacee by 23 species and the Conifere by 7. There is no other 
locality in the British Islands where such an assemblage of Jurassic 
plants can be studied. No complete plant is known in the Forest 
Marble; but innumerable fragments of coniferous wood occur in the 
flaggy beds of which it is chiefly composed. Nor is any species 
known from the Fuller’s Earth, Cornbrash, or Kellaways Rock. 
Cycadeostrobus sphericus is the only Oxford-clay species ; and 7 are 
known from the Coralline beds—Araucarites Hudlestoni, Bennettites 
Peachianus, Bucklandia Milleriana, Carpolithes Bucklandi, C. con- 
cus, Yatesia crassa, and Y. Joassiana ; Pinites depressus is the only 
species occurring in the Kimmeridge Clay. The so-called Great- 
Oolite flora is mostly, if not entirely, confined to the underlying 
fissile Stonesfield Slate or lowest zone of the formation (not present 
everywhere where the more calcareous overlying Limestones are 
widely spread). 

At Stonesfield in Oxfordshire, and Eyeford and Sevenhampton 
in Gloucestershire, these ‘‘ slates” occur as a thin band beneath the 
true Great or Bath Oolite; and in them, especially near Oxford, an 
abundant flora has been obtained. Prof. Phillips, in his work ‘ On 
the Geology of Oxford and the Valley of the Thames,’ enumerates, 
figures, and describes a large and interesting flora, comprising 
nearly 40 species ; numerically there are— 


Genera. Species. 

p20 Fe A er ee eee oe 1 
IPINGERs sc ke autem es eens 6 . 9.2 9 a 
Monocotyledonew ........ oS) 6 
Cycadacdss 2, S. erie int. cee 3 we 
Conifers. 2g . 0. ate ew oye ss 2 5 
PERU, Py ut EA et oe ee 3 4 

20 36 
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’ The remarkable cones Arozdes Stutterdi, Carr., and Kaidacarpum 
ooliticum, Carr., are both from these beds at Stonesfield. 

This exhausts the flora of the Jurassic rocks proper, or from the 
base of the Inferior Oolite to the Portland, in the latter of which I 
know of no recorded plant-remains except wood. 

The accompanying small Table (XX YII.) will show the number 
of genera and species in the 10 divisions of the English and Scotch 
Oolitic Rocks. 
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None pass from the Lias to the Inferior Oolite ; and none in higher 
beds are common to more than one deposit. 

AmorpHozoa.—None. 

C@LENTERATA.— Actinozoa.—I have stated that 38 genera and 715 
species constitute the entire Ceelenterate fauna of the Jurassic rocks. 
The Lias I have discussed (vide Table XX VI., p.175). The Actinozoa 
of the Inferior Oolite stand almost alone, its 48 species being, with but 
few exceptions, confined toit. The only species that pass to higher 
beds are Anabacia hemispherica, A. orbulites, Comoseris vermicularis, 
Isastrea explanata, I. explanulata, I. imitata, Montlivaltia Delabechei, 
M. tenwilamellosa, Stylina solida, and Thamnastrea concinna. Eight 
of these 10 do not pass beyond the Great Oolite, the species having 
the longer range being Isastrea explanata,which is common, if rightly 
determined, to both the Inferior Oolite and the Coral Rag, and Ana- 
bacia orbulites, which occurs in the Forest Marble, Cornbrash, and 


- Corallian beds. Thus, out of the 19 genera and 48 species that com- 


mence in the limestones of the Inferior Oolite, 2 genera and 3 species 
pass to the Fuller’s Earth, 5 genera and 7 species to the Great Oolite. 
Except in the case of the Mollusca, and that in a minor degree (vide 
Table XXXI., p. 188), the community of species between the lowest 
beds of the Oolitic series and the succeeding 9 horizons is small. 
With the exception of the Jsastrew and Thamnnastree, most of the 
Corals are simple forms, e.g. Monilivaltia, Anabacia, Cyclolites, 
Trochocyathus, &e. In Yorkshire but few species occur in the 
Inferior Oolite, Gonioseris angulata, G. Leckenbyi, and Montlivaltia 
conveca being all that are known. We must see the grandly 
developed Oolites of the Cotteswolds for the more prolitie Coral- 
liferous deposits. The Corallian beds of Yorkshire and the South 
VoL, XXXVI. 0 
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of England are rich in Jsastree and Thamnastree. The Coral 
fauna of the Inferior Oolite, next to the Lower Lias, is the 
richest in species in the Jurassic rocks. The Lower Lias has yielded 
13 genera and 72 species, and the Inferior Oolite 19 genera and 48 
species, and not one in common. 

The following Table (XX VIII.) expresses the numerical distribu- 
tion of the Jurassic Actinozoa, from those horizons above the Lias. 


TasLtE XXVIII. 
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Ecurnopermata.—In the whole of the Jurassic rocks, including 
the Lias, there are 47 genera and 216 species. The Inferior Oolite 
contains 22 genera and 51 species, 7 genera and 10 species of 
which pass to the Fuller’s Earth, 8 genera and 11 species to the 
Great Oolite, 2 genera and 2 species to the Forest Marble, and 3 
genera and 5 species to the Cornbrash. ‘The whole Jurassic rocks 
yield 9 genera and 37 species of Crinoidea; 14 genera and 35 species 
of Asteroidea; of the Echinoidea, group Endocyclica (or Regular 
ichinoidea), 12 genera and 92 species; and of the Exocyclica (or 
Irregular Echinoidea) 7 genera and 37 species. 

Crinoidea.—Only 2 species of the known 37 occur in the Inferior 
Oolite ; they are Pentacrinus Millert and P. Austenii. 

Asteroidea.— Astropecten with 3 species, Gioniaster with 2, 
Solaster and Stellaster each with one species, comprise the whole of 
the Starfishes of the Inferior Oolite. Thus only 7 out of the 35 
Jurassic forms have been found in this horizon. 

Echinoidea.—_17 genera and 40 species out of the 129 known 
Jurassic species occur in the Inferior Oolite. 11 of the genera and 
25 species belong to the group Endocyclica, and 6 genera and 15 
species to the Exocyclica. These 2 groups, with the Crinoidea and 
Asteroidea, are extremely important stratigraphically ; their ranges 
are restricted, and the species afford the safest clue for the purposes 
of stratigraphical correlation. The accompanying Table (XXIX.) 
shows the numerical history of the known Echinodermal fauna 
from the Lower Lias to the close of the Inferior Oolite. The first 
column contains the genera, and the second column the number of 
species in the Jurassic rocks, followed by their value in the Lower, 
Middle, and Upper Lias, and Inferior Oolite. 
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The 4 groups thus enumerated possess 43 genera and 205 species. 
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A. The Lower Lias Crinoidea .................. number 7 genera and 7 species. 
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AnnELIDA.—Serpula with 9 species, and Vermicularia and Ver- 
milia with one species in each, constitute the Annelidan fauna of the 
Inferior Oolite. Vermilia sulcata, Serpula socialis and S. limax 


come up from the Lower and Upper Lias. None of the 11 species . 


pass to higher horizons, although 16 species occur in the higher 
members. All together we know of 45 Jurassic species, the Inferior 
Oolite containing the greatest number (11). 

CrusraceaA.—The only Decapod known in the Inferior Oolite is 
Glyphea rostrata; and this Macruran ranges up to the Coralline Oolite. 
The Phyllopod Lstheria concentrica is confined to this horizon. 
Doubtless the Decapoda are better represented, as many fragments of 
undetermined species frequently occur. The Lower Lias contains by 
far the richest fauna, no less than 12 genera and 33 species. 

Bryozoa.—7 genera and 17 species occur in the Inferior Oolite, 
viz. Berenicea 1 species, Ceriopora 2, Diastopora 9, Heteropora 2, 
Spiropora 1, Stomatopora? 1, and Theonoa 1 species. Diastopora 
cricopora, Vine, and D. oolitica, Vine, occur also in the Fuller’s Earth 
and Great Oolite, where they are associated with Heteropora conifera 
and H. pustulosa. The species in the Great Oolite number 31, many 
of which (7) pass up from the Inferior Oolite. The whole of the 
known Jurassic Bryozoa from the Lower Lias to the Corallian beds 
(we know none higher) consist of 19 genera and 51 species. 

Bracutoropa.—10 genera and 90 species range through the 
Inferior-Oolite series. The genus Terebratula contains 31 species, 
Waldheimia 13, Thecidium 9, and Rhynchonella 23; Lingula only 
l species ; the remaining 5 genera are poorly represented. 5 genera 
and 8 species connect the Lias and Inferior Oolite; they are 
Discina orbicularis, Lingula Beaniu, Rhynchonella plicatella, Tere- 
bratula infra-oolitica, T. spheroidalis, Thecidiwm Bouchardi, T. 
triangulare, and T'. Deslongchampsit. These species are Upper Lias. 
One species only, Thecidium triangulare, ranges through the whole 
of the Lias and Inferior Oolite. 

The numerical value of the genera Yerebratula, Waldheimia, 
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Theeidium, Spiriferina, Rhynchonella, and Discina, through the 
whole Jurassic series, is significant. I give their value— 


Terebratula has yielded...... 67 species. 
Wealdinenminia. «24 bo ste3 eds mikes: 44 ,, 
Hihyichomel le sarap sie oe aaa 64 sy, 
PUILCMIMA) 2.03 ray ee ge ae LS ies 
SCN ok ge at do gaa gc Ws Lovey 
ARO (HUDBA SoM 634 satu 9. crocs are eisa 15 


These 6 genera thus yield 226 species. The whole class in the 
Jurassic rocks numbers 275 species, the 16 known genera being thus 
represented. The Inferior Oolite possesses 90 species, the largest 
number known to occur; the Middle Lias 74; and the Lower Lias 
36. Suessta and Kingena have but one species each, and Megerlia 2, 
through all the Jurassic rocks. The tabular distribution I have 
given at the end of the Jurassic group (Table XLIV.) tells its own 
tale. The total appearances of the genera and species through time 
are thus expressed, .°°,. 

LAMELLIBRANCHIATA.—The Lamellibranchiate or Bivalve fauna of 
the whole of the Jurassic rocks of Britain now numbers 95 genera 
and 1368 species. The group Dimyaria possesses 70 genera and 
924 species, and the Monomyaria 25 genera and 444 species. The 
Inferior Oolite, which contains by far the richest fauna in the 13 
divisions, has yielded 342 species in both groups (106 Monomyaria 
and 236 Dimyaria). Possibly no horizon in Britain or on the con- 
tinent has received so much investigation and scrutiny. The im- 
portance of a knowledge of the Mollusca as an aid to stratigraphical 
geology, the value of species (regard them how we may) as factors 
in the identification of strata, however different petrologically, and 
however distant, is familiar to all students. In no group of rocks 
is more critical knowledge required for the discrimination of con- 
temporaneous or homotaxial strata than in the Jurassic series. In 
Europe the Molluscan fauna of the Jurassic group is one and the same 
through each of its subdivisions. ‘The fauna of the Lias of England, 
Scotland, Ireland, France, and Germany, is almost identical, zone for 
zone ; when the species in the larger genera are critically examined 
their universality and continuity are remarkable and striking; and 
the two great paleontological breaks, one at the close of the 
Lias and the next at the close of the Inferior Oolite, where so great 
a change took place in the Molluscan fauna, are readily seen in 
Tables XXVI., XXXI., and XXXIII. The numerical value of the 
species in certain genera is still more forcibly shown in the accom- 
panying table (XXX.), where 34 of the larger genera are noticed. 
I append the Lias, as it is the base of the Jurassic system, but will 
not extend the table here beyond the Cornbrash, where community 
is greatest, and which completes the Lower Oolite or Lower Jurassic 
series. Few species pass to the higher members of the Jurassic 
group. 
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TasLE XXX.—Showing the Genera of Lamellibranchs largely repre- 
sented by Species in the Lower Jurassic Rocks up to the 


Cornbrash. 
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These 34 genera, selected from the 94 that are known, are enume- 
rated on account of their being largely represented ; the remain- 
ing 60 genera contain species under 14 in number, and therefore 
need not be noticed, although zoologically many of them are of high 


importance. 


Anomia, Crenatula, Inoceramus, Placunopsis, Ptero- 


perna, and Trichites among the Monomyaria, and Cardita, Corlis, 
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Cyrena, Gastrochena, Hippopodium, Macrodon, Myopsis, Pachy- 
rhisma, Thracia, &c. &e. among the Dimyaria, are feebly repre- 
sented by species, but nevertheless, bathymetrically considered, and 
with reference to temperature and sedimentation, are of great 
classificatory value. JI compare the class Gasteropoda under its 
own division; for no less than 76 genera and 1015 species are 
known in the Jurassic group; they culminate in the Lower Jurassic 
rocks, the Lower Lias with 226 species, the Inferior Oolite with 240 
species, and the Great Oolite with 247 species. In higher Jurassic 
strata they die away to a few species. 

Monomyaria.—25 genera and 444 species of this group are known 
in the Jurassic rocks. Of these, 15 genera and 106 species belong 
to the Inferior Oolite, connected only by 13 species with the entire 
lias. It is important to know those forms which unite the two 
horizons, especially as so complete a change in the fauna occurred 
at the close of the Lias and commencement of the Inferior Oolite. 
This group, as we have seen, was represented in the Lias strata by 
J, in the Lower, §& in the Middle, and 43 in the Upper Lias, and 
through 13 of these latter passed into the more calcareous waters of 
the so-called Inferior Oolite. The connecting species are Avicula 
inequvalvis, Gervillia Hartmann, Hinnites abjectus, H. velatus, Lima 
bellula, L. electra, L. punctata, Pecten articulatus, P. comatus, P. 
demissus, Perna rugosa, Pinna fissa, and P. Hartmanni. 6 genera 
and 8 species pass up into the Fuller’s Earth, where this latter, in 
its argillaceous character, is fairly developed, in the Stroud valley, 
the Bath area, and parts of Somerset: 12 genera and 33 species 
connect the Inferior and Great Oolite; and no less than 11 genera 
and 18 species range to the Cornbrash, 10 species avoiding the 
Forest Marble shallow-water deposits. The faunal recurrence 
between the Inferior Oolite and Cornbrash is smaller than might be 
expected, both for this group and the Dimyaria, it being only 3? 
out of ,4,/, in that division; in the Gasteropoda it is only ¢ out 
of ). It has been often stated that the two horizons were 
zoologically closely allied through recurrence. ‘This could only apply 
to certain areas where the conditions of the Great and Inferior Oolite 
during deposition were little changed and gradually merged into the 
locally developed Cornbrash. Community of species between the 
Inferior Oolite and Cornbrash could hardly have occurred in the 
Yorkshire basin. The great series of Estuarine sandstones, shales, 
and iron-stones is broken in sequence between the Dogger and the 
Cornbrash only by the Grey or Scarboro Limestone and the Millepore- 
beds, which last, although the lowest of the two, are most nearly allied 
paleontologically. The long-range species are Avicula braambu- 
riensis, A. Munsteri, Gervillia acuta, Hinnites abjectus (Middle Lias 
to Cornbrash), Lima duplicata, L. pectiniformis, Ostrea acuminata, O. 
flabellorides, Pecten annulatus, P. crenatus, P. demissus (Middle Lias 
to Kimmeridge Clay), P. lens, P. personatus, Perna rugosa, Pinna 
cuneata, and Placunopsis mequalis. These 16 species, if not as 
good witnesses as the rarer forms, show that the conditions 
were such that only minor physical changes affected the fauna 
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during the intervals of time that occurred between the different 
horizons. 6 genera and 9 species pass to the Kellaways Rock, and 
3 genera and 8 species to the Oxford Clay, viz. Avicula inequivalvis, 
Lima duplicata, L. pectiniformis, Pecten annulatus, P. crenatus, P. 
demissus, P. lens, and P. vinineus, all moderately deep-sea forms. 
The Corallian beds contain 4 genera and 6 species, 3 of those just 
quoted, with Placunopsis inequalis, Ostrea solitaria, and O. flabel- 
loides. The Kimmeridge Clay through the persistent shells Avicula 
inequivalvis, Ostrea solitaria, Pecten crenatus, P. articulatus, P. de- 
missus, and P. vimineus keeps up the connexion; but no species of 
any Jurassic group passes the Portlands. 

Dimyaria.—70 genera and 924 species of this group occur in the 
whole of the Jurassic rocks, and 47 genera and 236 species in the 
Inferior Oolite. Of these }2 pass to the Fuller’s Earth, ?9 to the 
Great Oolite, 3 to the Forest Marble, $3 to the Cornbrash, 7 to the 
Kellaways Rock, 3 to the Oxford Clay, and § to the Corallian beds. 
The most important genera, or those most largely represented, 
are :— 


Astarte with 24 species. 
Arca a> ee 
Cucullea Ss bie 
Modiola A i: ee 
Myacites Qos ar 
Mytilus ie ave 
Pholadomya ,, 11 ,, 
Tancredia Se: ae 
Trigonia SS: ee 


136, 


Thus these 9 genera out of 47, and 136 species out of 236, constitute 
more than one half of the Dimyarian fauna of the Inferior Oolite ; 
12 genera possess only one species each, 9 genera two species, and 
5 genera three species. These smaller genera with few species often 
give way under close examination and study. The genera Cercomya, 
Dreissena, Pullastra, Ptychomya, &c., with only one species, like 
many others, will ultimately be expunged from our lists. Assuming 
that the species in the above nine prolific genera would probably 
have a long range in time, we find that the following numbers 
pass to the Great Oolite—in <Astarte 10, Arca 4, Cucullea only 2, 
Modiola 5 out of 9, Myacites only 1, AZytilus only 1, Pholadomya 4, 
Taneredia 5, and Trigonia. only 4 out of 34; or 36 species out of 
the 136 in the above genera are common to the Great and Inferior 
Oolite. It is easy to account for this on looking into the habits and 
habitats of the genera, their bathymetrical range, the nature of the 
sea-bottom and their probable food. 

The 20 Cornbrash species that are common to the Inferior Oolite 
belong to 13 genera—Anutina, Astarte, Cardium, Corbicella, Goni- 
omya, Gresslya, Homomya, Isocardia, Lucina, Macrodon, Modiola, 
Qucnstedtia, and Trigonia. The Corallian forms yield a single spe- 
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cies to each of 8 genera—Trigonia costata, Quenstedtia loevigata, My- 
opsis jurassi(?), Modiola wmbricata, Goniomya v-scripta, Anatina 
undulata, Arca emula, and Astarte excavata. 

The Bivalves of the Inferior Oolite, numbering 62 genera and 
342 species, and from which the higher horizons have been sup- 
plied through either direct descent or evolution, cannot receive too 
much attention; the fact that only ,°, Monomyarian forms and }3 
Dimyarian come from the Lias below (so far as we know) renders 
this division of the Lower Oolite of interest. 

GasrERopopaA.—IThe whole of the Jurassic Gasteropoda number 
76 genera and 1015 species; and those of the Inferior Oolite 41 
genera and 240 species. The Lias group holds 51 genera and 388 
species (,4/, in the Lower, ,?,/, in the Middle, and }2 in the Upper 
Lias); and now we find that, with the passage of only 8 genera 
and species to the Inferior Oolite, a totally new Gasteropod fauna, 
numbering 240, occurs: and, beyond the fact that 22 genera and 
40 species are common to it and the Great Oolite, the species are 
almost confined to the horizon of the inferior division. Only one 
species (Alaria Phillips) seems to unite the Fuller’s Earth with 
the Inferior Oolite; no other species has been found, although in 
the Fulier’s-earth rock we should expect to meet with forms that 
pass over and appear in the Great Oolite, of which (as stated) there 
are 22 species. The largely represented genera are 


SET or ere 19 species. 
Comb han. -04 4, &OS 4, 
Chemnitz, 02... D2 es 
Nerinza ...... I ee 
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The rarer genera are sparingly represented—Bulla, Ceritella, Currus, 
Crossostoma, Lissurella, Melania, Onustus, Pileolus, Pterocera, Sca- 
laria, Solarium, and Spinigera by one or two species each. 6 genera 
and 7 species pass to the Forest Marble, and 4 genera and 6 species 
to the Cornbrash. The 22 genera and 40 species believed to occur 
in both the Inferior and Great Oolite may be in excess of the 
truth; the species in Morris and Lycett’s memoir on the Mollusca 
of the Great Oolite (Pal. Soc.) have often had Inferior-Oolite forms 
referred to them, which would not have been done had we an equally 
reliable monograph upon the Mollusca of the Inferior Oolite. The 
42 genera and species are mostly among the larger genera ; yet, after 
all, it is comparatively a small number, not one genus in four, or one 
species in ten of the whole univalve fauna. Only } pass to the Kella- 
ways Rock, viz. Pleurotomaria granulata, Natica punctura, and Alaria 
wifida. This last is the only species that passes to the Oxford Clay ; 
and Turbo funiculatus is the only known univalve shell common to the 
Coral Rag and Inferior Oolite. But for the researches of Dr. Lycett. 
in the rich district of Minchinhampton, little or nothing would have 
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been known of the Great Oolite, the assemblage obtained from that 
locality exceeding all others united in number of species*. 

CrPHALopopa.—Amimonites.—Only 42 species occur in the Inferior 
Oolite; yet the Lias holds 293 species, only three of which pass to this 
horizon—Harpoceras concavum, and Harpoceras radians and insigne ; 
and only one species of the 42 (Am. fuscus) passes to higher beds. 
The restriction is remarkable and, on stratigraphical grounds, im- 
portant. These 42 species occupy the three zones of Murchisoni, 
Humphriesianus, and Parkinsoni, these three types definitely holding 
their position or horizons in the Inferior Oolite; and whether the 
beds are largely developed or not, their succession is everywhere the 
same through Britain and on the continent. No group of the 
Mollusca is so constant in distribution or so valuable to the strati- 
graphical geologist ; but side by side with the Ammonites we may 
place the Echinoidea as equivalent in value, and equally reliable in 
stratigraphical geology. Besides the true Ammonites, one species of 
Ancyloceras occurs in the Inferior Oolite 7. 

The Cotteswold range is classical ground for the clear and definite 
exposition of the history of the Inferior- and Great-Oolite horizons ; 
it may be said, with the Jura, to elucidate the entire physical and 
zoological history of the Lower-Oolitic period. 

Trigonellites—These opercula to the shells of the Ammonites have 
yet to receive much attention ; they are now recognized as an im- 
portant factor in the study of the Ammonitide. Waagen, Suess, 
Neumayr, and others recognize their importance ; and when sought 
for through sections made in the chambers they are much commoner 
than we once believed. Fine examples have occurred in the Oxford 
Clay (7. lamellosus and T. politus), T. antiquatus in the Corallian 
beds, and 7’. datus in the Kimmeridge. 

Nautilii—The six species of Nautilus that occur in the Inferior 
Oolite are all confined to it. 21 species are known in the Jurassic 
rocks ; and, with the exception of NV. heawagonus (which occurs in the 
Cornbrash, Kellaways Rock, and Corallian beds), all the species are 
representative and restricted, as much so as the NV. pompilius of the 
present day ; in other words, omitting the Lias species (included in 
the 21), the 13 Oolitic species oceupy each only one horizon—six 
specics in the Inferior Oolite, three in the Great Oolite, one in the 
Cornbrash, two in the Kellaways, and one in the Kimmeridge Clay. 

Belemnites—TI have stated that 115 species are known in the 
British Jurassic rocks, but only 16 species occur in the Inferior 
Oolite ; two horizons above this, the Fuller’s Earth and Great Oolite, 
yield only three species each; none are known in the Forest Marble 
and Cornbrash ; 3 occur in the Kellaways Rock, 13 in the Oxford 
Clay, 4 in the Corallian, and 8 in the Kimmeridge Clay; so that 
the 115 known species are spread through all the horizons but 


* The Walton Collection, now in the Woodwardian Museum, Cambridge, 
doubtless contains a large number of undescribed species. 

t+ Ancyloceras annulatum is the only species in the Interior Oolite; and the 
Kellaways and Oxford-Clay species, A. calloviense, completes our knowledge of 
the non-inyolute forms of the Jurassic Ammonitide. 


a 
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two—the Forest Marble and Cornbrash. The following small Table 
will illustrate their distribution :— 


Lower Lias ........ 21 species. 
Middle Lias........ eA 
Upper lias toss 27% 34. —C,, 
Inferior Oolite...... RGA we. 
Fuller's Harth. ..... ates 
Great Oolite....... Be) Xcel 
Forest Marble. 

Cornbrash. 

Kellaways: Rocks. .4. 3 GY 
Oxford Clayy. 2.4). lo sie 
Corallian beds...... Ase ae 
Kimmeridge Clay... 8 —,, 


132 occurrences. 


The 115 species make 132 appearances through the whole series of 
Jurassic strata. 

Teuthide. The dibranchiate Decapoda of the Jurassic rocks do not 
number more than six genera, illustrating three families, the Loligide, 
Teuthidee, and Belemnitide. The two first-named families are not 
represented in the Inferior Oolite ; Acanthoteuthis antiquus is con- 
fined to the Oxford Clay; Coccoteuthis latipinnis is essentially 
Kimmeridge-Clay ; Geoteuthis, Beloteuthis, and Xuphoteuthis are Lias 
genera, numbering four species between them. 

Pisces.—Hybodus crassus, Strophodus magnus, S. subreticulatus, 
and S. tenuis (or two genera and four species) are all that we actually 
know of the Inferior-Oolite fish. No Pycenodont or Lepidotoid form, 
as we should almost expect, have ever been obtained from the 
Inferior Oolite. Next to the Lower Lias with its 40 genera and 
106 species, comes the Great Oolite, the fish-fauna of which numbers 
20 genera and 58 species. 

Reprir1a none, although 30 genera and 132 species range through 
the whole Jurassic formation. Three horizons appear to have none, 
viz. the Inferior Oolite, Fuller’s Earth, and Kellaways Rock. 13 
genera and 27 species occur in the Great Oolite, 3 genera and 
3 species in the Forest Marble, and one species in the Cornbrash. 
The Oxford Clay contains 13 species, the Corallian rocks 3, the 
Kimmeridge Clay 43, and the Portlandian 6 species. I state these 
now, so as to show the census of the Reptilia through the Jurassic 
rocks ; individually they will be noticed hereafter. 

Mammatia.—None known. 
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§ 5. Funier’s Kartu. 


Only 51 genera and 110 species occur in this division of the 
Lower Oolites. Seeing that 35 of the 51 genera and 65 of the 110 
species were derived from the Inferior Oolite, and that 80 per cent. 
of the species occurring are also common to the succeeding Great 
Oolite, this division has no value, save on physical grounds, and this 
only over a very limited area; for the Fuller’s Earth is by no means 
universal or even general in its distribution. No Plantze, Amorphozoa, 
Crustacea, Nautili, Teuthide, or Reptilia occur, 7. ¢. 9 of the 19 
classes are unrepresented ; only 4 species of Corals, 3 Bryozoa, one 
Gasteropod, 3 species of Belemnites, and 5 species of Ammonites are 
known. The value, therefore, of the Fuller’s Earth as a life-group is 
almost nil; it is only through the Echinodermata and the Lamelli- 
branchiata that it has position; and 50 per cent. of these came from 
the Inferior Oolite. The Fuller’s Earth is an extremely local for- 
mation, the Stroud valley near Gloucester and Bath being the only 
places where it is extensively developed as a purely argillaceous 
deposit ; in Somersetshire it merges on its strike into a calcareous 
deposit termed the “ Fuller’s-earth Rock,” which, however, is little 
richer in fossils than the argillaceous type. 

Prantraz.—None. 

AmorpHoz0a.— None. 

Carenterata.—Only 2 genera and 4 species known; they are 
Anabacia hemispherica, Montlivaltia Delabechei, M. tenwilamellosa, 
and M. Wraghtw. 

EcutnopEermMatTa.—Out of the 8 genera and 11 species occurring, 
7 genera and 10 species came from the Inferior Oolite, leaving only 
one genus and one species as truly belonging to the Fuller’s Earth, 
viz. Pygurus Michelini, which ranges up to the Cornbrash. Acrosa- 
lenia spinosa, Clypeus Prattii, and Pygqurus Michelint pass to the 
Great Oolite, the same 3 species to the Forest Marble, and 2 to the 
Cornbrash. 

AwneLtpA.—Only Serpula triangulata, S. levigata, and SN. trica- 
rinata occur; the first two pass to the Great Oolite. 

Crustacea.—None. 

Bryozoa.—Diastopora cricopora, D. oolitica, and Terebellaria ramo- 
sissima constitute the Bryozoan fauna. These same species pass to 
the Great Oolite, in which division there are 16 genera and 31 
known species ; few are known or described above the Great Oolite. 
The whole known Bryozoan fauna of the Jurassic rocks includes 
19 genera and 51 species. 

Bracutopopa.—Only 4 genera and 14 species occur in this argil- 
laceous deposit. The genus TYerebratula has yielded 5 species, 
Waldheima 4, Rhynchonella 4, and Thecidium one; 4 genera and 
7 species pass to the Great Oolite. 

LAMELLIBRANCHIATA.— Monomyaria.—More than 50 per cent. of 
this group of the Bivalvia pass up from the Inferior Oolite ; for out 
of the 9 genera and 15 species occurring, 6 genera and 8 species 
are common to the two formations; and a large series pass up to 


the Great Oolite &c. 
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The long-range forms are Avicula echinata, Gervillia acuta, Lima 
_duplicata, L.gubbosa, Ostrea acuminata, O.Sowerbyi, and Pecten vagans. 
Many species range from the Inferior Oolite to the Corallian beds, but 
do not appear in the Fuller’s Earth. I doubt not many may be found; 
but not being part of the Fuller’s-earth fauna I cannot notice them. 
6 genera and 11 species pass to the Great Oolite, 6 genera and 6 
species to the Forest Marble; 4 genera and +4 species also occur in 
the Cornbrash, and 3 in the Kellaways Rock. Analysis need not be 
carried further, though only one species appears to be common to 
the Fuller’s Earth and the Corallian beds (Pecten vagans). 9 spe- 
cies avolded the argillaceous conditions of the Fuller’s-earth waters ; 
doubtless it was due to this that so many species in the rich 
fauna of the Inferior-Oolite sea so suddenly disappeared: the 
Ammonites dwindled from 42 species to 5, the Gasteropoda from 
41 genera and 240 species to one genus and one species, and the 
Lamellibranchs from 62 genera and 476 species to 18 genera and 
36 species (a few coming in to swell the number to 66 species), the 
Dibranchiate Cephalopoda through the Belemnites from 16 species 
to 3. No Nautilus seems to have loved the Fuller’s-earth sea; 
out of the 6 species in the Inferior Oolite none again appeared. 
This decrease from so prolific a fauna could only be due to physical 
causes; and probably a locally deep-sea condition prevailed at the 
close of the Inferior-Oolite period, and with it a corresponding 
migration of those beings fitted to the new condition of things took 
lace. 
: Dimyaria.—22 genera and 51 species occur in the Fuller’s Earth, 
42 of which are Inferior-Oolite forms; so that, as in the group 
Monomyaria, 50 per cent. passed up from the beds below. These are 
mostly moderately deep-sea forms, such as T'rigonia, Thracia, Pho- 
ladomya, Nucula, Myacites, Modiola, Homomya, Cucullea, Anatina, 
&e. 19 genera and 36 species passed to the Great Oolite, only 
4 to the shallow-water deposits of the Forest Marble, }$ to the Corn- 
brash, § to the Kellaways Rock, 3 to the Oxford Clay, and / to the 
Corallian beds ; these occurrences in the higher beds are through 
long-range species that appear only intermittently, conditions not 
suiting them. 

GastERoropA.—It seems incredible that a subformation standing 
between two such prclific horizons as the Inferior Oolite and Great 
Oolite (the former possessing ,*,|, species, and the latter ,*°, species) 
should yield only one species; but I know of no other Gasteropod 
than Alaria Phillipsii that bridged over the time occupied in the 
deposition of the Fuller’s-earth clays; and this species, first appear- 
ing in the Inferior Oolite, died out in the Great Oolite. Yet 2? 
species lived on from the Inferior Oolite somewhere during the long 
change, and appeared again in the Great Oolite; possibly such a 
total removal or migration of a great group is paralleled nowhere in 
the British rocks during any period of their long history. 

CrpHaLopopa.—Ammonites.— Am. biflexuosus, Am. discus, Am. 
fuscus, Am. Herveyi, and Am. viator are the only 5 species known. 
The zone of Am. Parkinsoni did not transmit its rich contents to 
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the Fuller’s Earth ; individuals, like species, sparingly occur in these 
beds. Am. discus passes to the Great Oolite and Cornbrash, and 
Am. Herveyi to the latter and the Forest Marble. 

Nautili.—None known. 

Belemnites.—B. Blainvillir, B. parallelus, and B. spinatus are all 
that are known of the Dibranchiata. B. spinatus passes to the 
Great Oolite. 

Teuthide.—None known. 

Fisors.—None known. 

Repritia.—None known. 


Taste XXXII.—Analysis and Distribution of the Fuller’s-Earth Species. 
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S$ 6. Great Oorite. 


Prantx.—20 genera and 35 species are distributed through the 
Great Oolite. The flora of the Inferior Oolite we determined to be 
Al genera and 130 species, or nearly four times as prolific ; and, be 
it remembered, there is not a species in common between the two 
formations, unless Thwytes exwpansus should prove to be so. Thus 
the Lower Oolites possess 165 species, none of which pass to any 
higher horizon; and, with the addition of Cycadeostrobus sphericus 
in the Oxford Clay, 4 genera and 7 species in the Coral Rag, and 
Phlebopteris depressus and Pinites depressus in the Kimmeridge, 
we have the entire flora of the Oolitic rocks ; adding the 17 species 
known in the Lias, the whole Jurassic flora comprises 63 genera 
and 191 species. Araucarites Brodiei, Aroides Stutterdi, Kaidacar- 
pum ooliticum, and Stricklandinia acuminata are amongst the rarer 
forms occurring ; Palwozamia and Thuytes contain most species; but 
none of the genera are largely represented. Specifically no two for- 
mations, so closely allied through their faunas, could be more distinct 
through their floras than the Inferior and Great Oolite. No species 
passes to either the Forest Marble, Cornbrash, or Kellaways Rock, 
&e., &e. 

AmorpHozoa (Spongida).—Of the 5 genera and 11 species known in 
all the Jurassic rocks, 4 genera and 9 species occur in the Great 
Oolite—Manon 1 species, Scyphia 2, Spongia 5, and Talpina 1, 
Spongia floriceps appears again in the Corallian beds. The Lias 
form is Grantia antiqua. 

Rutzoropa.—None. 

Ca@LENTERATA,—15 genera and 38 species have been described 
from the Great Oolite; most of these are from the Cotteswolds, 
although Northamptonshire and Lincolnshire have contributed to 
the large number of species. No higher horizon approaches this in 
number or variety; none appear in the Kellaways Rock or Oxford 
Clay (or in the Oxfordian rocks), The group culminates in the Corallian 
beds, though the number of species is small compared with those of the | 
Great and Inferior Oolites. Cyathophora, [sastrea, and Thamnastrea 
are the only genera largely represented; the home for Montlivaltia, 
with its 39 species, is the Lower Lias (21) and the Inferior Oolite 
(11); the remaining 7 species spread through the Great Oolite (3), 
Forest Marble (3), and the Coral Rag (1). The researches of Dr. 
Duncan into the Ceelenterate fauna of the Jurassic rocks have greatly 
added to our intimate acquaintance with this intricate and interest- 
ing group. ‘ 

Ecuryopermara. —The whole group in the Great Oolite numbers 
22 genera and 53 species, nearly as in the Inferior Oolite. I will 
analyze the groups separately, as they are of much importance torthe 
stratigraphical geologist. Next to the Ammonites in importance, 
they have received much attention at the hands of French and 
German paleontologists, especially the former. They fall under four 
sections or groups, the Hchinoidea (in two sections), the Asterordea 
and the Crinoidea. 

Echinoidea Endocyclica.—8 genera and 27 species belong to this 
beautiful group in the Great Oolite :— 
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Acrosalenia......- 6 species, 
Cidarratt in set) 2: a) ae 
Hemipedina ...... Mire, 
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Pseudodiadema.... 5 ,, 
Rhabdocidaris..... a ee 
Stomechinus...... ire gees 

27 99 


13 genera of the Echinoidea Endocyclica range through the Jurassic 
rocks, and they are represented by 93 species ; very few have long 
ranges in time. In the group under consideration the genera Acro- 
salenia, Pedina, and Polycyphus possess species of long duration: they 
are Acrosalenia hemicidaroides, A. spinosa (both of which range 
through the Lower Oolites to the Cornbrash), Pedina rotata and P. 
Smithii, Polycyphus Normanus ; Hemicidaris Bravendert and Pseudo- 
diadema homostigma pass also to the Cornbrash. Thus of the 27 
species, 7 pass to the horizon named. 

Exocyclica.—o5 genera and 5 species in this singular group of the 
Kchinoidea occur in the Great Oolite; but the entire Jurassic rocks 
have yielded 8 genera and 40 species. The Great-Oolite genera 
are :— 


Ciyeuge samen. ee 2 species. 
Kchinobrissus..... 3 ,, 
Galeropygus ...... hares 
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Of the 3 genera and 32 species beyond those above named none 
occur in the Great Oolite ; they chiefly belong to the Inferior Oolite ; 
but Clypeus Miilleri and C. Plottic also occur in the Forest Marble, 
and Echinobrissus orbicularis passes to the Cornbrash and Coral Rag. 

Asteroidea.—Only 2 genera (Astropecten with 3 species and Gron- 
aster with 1) have as yet been detected in the Great Oolite; but 
11 genera and 32 species are known in the Jurassic rocks. They 
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None of the above 32 species pass to higher beds. 
VOL. XXXVII. p 
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The Comatulide stand alone, and comprise 5 genera, 3 of which 
with 4 species occur in the Great Oolite—<Actinometra with 2 species, 
Antedon and Amphiura each with one species. 

Crinoidea.—Aprocrinus, Bourgueticrinus, Millericrinus, and Pen- 
tacrinus, in all 10 species, range through the Great Oolite. 36 are 
known from the whole Jurassic group. 

ANNnELIDA.—Only 2 genera (Serpula and Vermilia) and 7 species 
occur; the former genus yields 6, the latter 1 species. Serpula 
intestinalis and S. lacerata range from the Great Oolite to the Coral 
Rag inclusive, and the only other species (S. tetragona) to the Corn- 
brash. 

Crustacea.—Glyphea rostrata, Pagurus platycheles, Paleinachus 
longipes, Pollicipes ooliticus, and Prosopon mammillatum comprise 
the whole of the Great-Oolite Crustacea. Glyphea rostrata is the 
only species that passes to higher horizons, ranging up to the Coral 
Rag; the remaining 4 species are restricted. More than half the 
known Jurassic species (39) are Liassic; 24 genera and 64 species 
occur in the Jurassic rocks. 

Bryozoa.—19 genera and 51 species (mostly Inferior and Great 
Oolite) occur through the whole formation. 17 species are Inferior 
Oolite, and 31 Great Oolite. Only 6 are common to the two hori- 
zons, viz. Diastopora cricopora, D. oolitica, D. lamellosa, D. scobinula, 
Heteropora conifera, and H. pustulosa; and only 3 species pass to 
higher beds, viz. Berenicea luciensis, Stomatopora dichotoina (to Corn- 
brash), and Terebellaria ramosissima (occurs in the Forest Marble and 
Coral Rag). Out of the 19 genera and 51 species known, 16 genera 
and 31 species occur in this horizon. 

Bracuiopopa.—9 genera and 26 species occur in the Great Oolite. 
Numerically Z'erebratula is the richest in species (7); Rhynchonella 
has 5, Waldheimia 4, Terebratella 4, and Crania 2; the remaining 
4 genera only possess one species each. 4 genera and 7 species pass 
from the Fuller’s Earth to the Great Oolite; and 3 genera and 11 
species are common to the Great Oolite and Forest Marble, 3 to the 
Cornbrash, 3 to the Kellaways, and } to the Oxford Clay. No 
Great-Oolite form passes higher. 

LAMELLIBRANCHIATA.—95 genera and about 1360 species in both 
groups of this class range through the Jurassic Rocks, and almost 
culminate in the Great Oolite; for above this horizon the whole 
class of the ae becomes greatly diminished. In the 
Forest Marble they number 28, or about 2 species to a genus; in the 
Cornbrash ,*,4,, or 33 to a sy in the Kellaways 33, also 3 species 
to a apes the Oxford Clay 23, or 23 to a genus, the Corallian 
beds ,43,, the Kimmeridge ,3,(,, or about 3 species to a genus. 

Monomyaria.—16 genera and 80 species occur in the Great Oolite. 
The genera are richer in species in the Inferior Oolite, where the 
known 15 genera contain 106 species. 6 genera and 17 species 
pass to the “Forest Marble, 12 genera and 33 species to the Corn- 
brash, the superior limit of the Lower Oolite; this number is chiefly 
made up of species of Avicula (5), Gervillia (3), LInma (5), Ostrea (5), 
Pecten (8), and Placunopsis (2), all genera with a large number of 
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species. Those in the intermediate Forest Marble are nearly the 
same species. To the Kellaways Rock there pass 3 genera and 
7 species, to the Oxford Clay 2 genera and 7 species, and to the 
Coral Rag 2 genera and 6 species; these latter are nearly all the 
same long-range species. 

Dimyaria.—40 genera and 185 species occuring in this division 
of the Bivalvia (the next highest in the Jurassic rocks to the Inferior 
Oolite) have been described. The chief genera are :— 


PCOS ion) oye toast all Vat ae LO species. 
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Car OW iemnpehtoms ce a2 LOT hee 
INV GNA ceasce, es ofl 0 ee 
Pholadomya.....<..4. lio 
PAMGKOOIA a. 5-5 acs Us on 
SEASON, 5s ays, Shot mse A aan 


These are the only 7 out of the 40 possessing 9 or more species ; 
9 genera yield ouly one species each, 8 have only 2, 6 have 3, &c., 
&c., thus showing that well-determined genera are of high signifi- 
cance although only feebly represented. Numbers when stated alone 
may not to some appear to have value; but those accustomed to study 
any given fauna, at once appreciate the value of genera and species 
from their numerical representation. 19 genera and 36 species 
pass up from the Fuller’s Earth to the Great Oolite; 10 genera and 
16 species range into the Forest Marble, 20 genera and 44 species to 
the Cornbrash, and 10 genera and 10 species to the Corallian beds. 
GasTERopopA.—40 genera and 247 species enrich this division of 
the Lower Oolitic rocks. The greater number of these species have 
been critically described by Messrs. Lycett and Morris in their mono- 
graph upon ‘The Great Oolite Mollusca’ from Minchinhampton, 
near Stroud*. The Appendix and Supplement by Dr. Lycett in 
1863 t greatly add to the previously known species, embracing, in 
addition to the Great-Oolite fauna, descriptions of the Mollusca 
of the Stonesfield Slate, Forest Marble, and Cornbrash. In this 
great work the authors describe 265 species of Gasteropoda, and 
from 260 to 265 species of Lamellibranchiata. The Great-Oolite 
fauna of the Minchinhampton beds is not local or exceptional, 
although so rich, but represents a characteristic series of Mollusca 
occurring in other and distant localities on the same geological 
horizon. The researches of Mr. Whiteaves in Oxfordshire have 
shown that out of about 140 species in this area 114 are common 
to the Minchinhampton beds; this also is confirmed in Somerset- 
shire and Wiltshire through the collection made by Mr. Walton: 
these latter comparisons refer to the more minute fauna of both 
areas. We look to France and the researches of Buvignier for a 
fauna equal in richness and variety to that of the classical district 


* Paleontographical Society’s memoirs for the years 1850, 1853, 1854, 


1861, 1863. 
+ Ib. 1863, Suppl. Monog. on the Mollusca from the Stonesfield Slate, Great 


Oolite, Forest Marble, and Cornbrash. 
p2 
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of Minchinhampton. Only one genus with one species unites the 
Fuller’s Earth to the true Great Oolite, and only 16 genera and 
31 species pass to the Forest Marble, and 14 to the Cornbrash out 
of the 247; so that the Great-Oolite Univalve fauna is distinctive 
and characteristic. 

CEPHALOPODA. Ammonites.—Seven species occur, and six of these 
are peculiar; they are Am. arbustigerus, Am. discus, Am. gracilis, 
Am. micromphalus, Am. Morrisiz, Am. subcontractus, and Am. Water- 
housii; all but Am. discus, which passes to the Cornbrash, are con- 
fined to the horizon of the Great Oolite. 

Nautili.—N. Baberi, N. dispansus, and N. subcontractus are essen- 
tially Great Oolite, and all that are known. 

Belemnites.—B. aripistillum, B. Bessinus, and B, spinatus are all 
that are known; the two first named are confined to the Great 
Oolite. 

Teuthide.—N one. 

Pisces.—20 genera and 58 species occur, and all except two are 
peculiar. The exceptions are Strophodus magnus and S. tenwis, 
which occur in and come up from the Inferior Oolite; so that 56 
Species commence in and are confined to this horizon. I give the 
genera and number of species as follows :— 
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The Hybodonts, Pycnodonts, and Ganoidei are numerically the richest 
in genera. The only known species occurring in the Forest Marble 
is Asteracanthus Stutchburw, a species long believed to belong to the 
Lias. Iam not aware of any Pycnodonts, Hybodonts, or Strophodonts 
occurring in the Forest Marble. The Cornbrash has yielded Astera- 
canthus acutus and Isodius leptognathus; I know of no other forms. 
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The Kellaways Rock has a solitary species, Strophodus radiato-punc- 
tatus. The Oxford Clay yields 4 species, the Coralline Oolite 3, the 
Kimmeridge Clay 11 genera and 14 species, and the Portland Oolite 
4 genera and 5 species, which I will refer to under their respective 
formations. 

Reprim1a.—13 genera and 27 species, both terrestrial and marine, 
occur in the Great-Oolite strata. Some of the most gigantic forms 
that have inhabited the globe lived during the time when the beds 
composing the Great Oolite were being deposited ; but the position of 
the land on which the huge terrestrial Dinosaurs lived we have yet 
to determine. The 13 known genera are :— 


Testudo. Rhamphorhynchus. 
Chelys. Megalosaurus. 
Teleosaurus. Ceteosaurus. 
Streptospondylus. Cardiodon. 
Ichthyosaurus. Oolithes (?). 
Plesiosaurus. Lacerta. 
Pterodactylus. . 


Chelonia.—Regarding these zoologically, the Chelonia are repre- 
sented by Testudo Stricklandi, Phill., and Chelys Blaki from the 
Stonesfield Slate, the former believed to be a terrestrial species ; 
scutes and a short phalangeal bone are all that are known. The 
second genus, Chelys, was found in the Stonesfield beds in 1863. 

Crocodilia.—Teleosaurus, Streptospondylus, and Steneosaurus all 
occur in the Jurassic rocks; but only the two former genera in the 
Great Oolite. Steneosaurus, with one exception (S. brevior) in the 
Upper Lias, is a Kimmeridgian genus, in which five species occur. 
Streptospondylus Cuviert and an unnamed species occur in the Great 
Oolite or Stonesfield Slate, and the same in the Oxford Clay. 

Prof. Owen divides the Crocodilia into three suborders, the Procelia, 
Amphicelia, and Opisthocelia. Prof. Huxley proposes a more 
elaborate classification for the Crocodilia: 1. The Parasuchia, 2. the 
Mesosuchia, and 3. the Eusuchia. Only his second group, the Me- 
sosuchia, concerns us, in which are placed the genera Streptospondylus 
and Teleosaurus, both of which occur in the Great Oolite. (Pelago- 
saurus, Teleadosaurus, Macrospondylus, and Metriorhynchus are not 
known as British.) The amphiccelian genus Telcosaurus is represented 
by 3 species—T’. brevidens, T. cadomensis, and 7’. subulidens, occurring 
in the Stonesfield Slate and in the higher calcareous divisions of the 
Great Oolite at Enslow Bridge near Oxford. The extinct amphiccelian 
Crocodiles are confined entirely to the Mesozoic period. Palzonto- 
logically considered they are the most important group of the order 
Crocodilia; they are also its most ancient representatives. The 
Trias yields the earliest types through Stagonolepis and Belodon. 
The home of the amphiccelian Crocodiles is in the Jurassic series, 
in which the most important genera are Teleosaurus and Strepto- 
spondylus, 

Ichthyopterygia (Owen), Ichthyosauria (Huxley).—2 species occur, 
Ichthyosaurus advena and J. erraticus, in the Stonesfield Slate and beds 
above. The Ichthyopterygia include only this one genus, The remains 
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are scattered, together with shells, corals, Echinoidea &c., over the 
surface of the slates. 

Sauropterygva, Owen, Plesiosauria, Huxley.—Only one species (Ple- 
siosaurus serraticus) known, associated with the Ichthyosauria in the 
Stonesfield Slate. The gigantic Upper-Lias forms from near Whitby 
surpass in size those of any other locality or formation. Although 
45 species are known in Britain only the one species named occurs 
in the Great Oolite; 5 are found in the Corallian beds, 12 in the 
Kimmeridge Clay, and 2 in the Portlandian beds. Pliosaurus is not 
known below the Oxford Clay and Corallian rocks. 

Pterosauria (Ornithosauria, Seeley).—This group of flying Rep- 
tilia exclusively belongs to the Mesozoic epoch. The genera 
Pterodactylus, Dimorphodon, and Rhamphorhynchus all occur in 
Britain—Dimorphodon and Pterodactylus in the Lower Lias, and 
Rhamphorhynchus and Pterodactylus in the Great Oolite ; the former 
represented by 3 species—R. Bucklandi, R. Prestwichii, and R. de- 
pressirostris ; the latter by 3 species—P. Aclandi, P. Duneani, and 
P. Kiddii. . 

Dinosauria (Ornithoscelida, Huxley)—The whole group is ex- 
clusively Mesozoic, ranging from the Triassic to the Cretaceous for- 
mations. The most important genera are Iguanodon, Hyleosaurus, 
Megalosaurus, Ceteosaurus, and Compsognathus. This order under- 
went immense development in the Jurassic and Cretaceous periods ; 
and the Cretaceous genera Hypsilophodon, Iguanodon, Polacanthus, 
Titanosaurus, Acanthopholis, &c. attest their importance, associated 
as they are zoologically with Megalosaurus and Ceteosawrus, which 
occur in the Jurassic rocks. 

Megalosaurus.—The great carnivorous Lizard Megalosaurus finds 
its true home in the Great Oolite*. Only one species seems to have 
been named, but we possess evidence of two more. Megalosaurus 
Bucklandi possibly ranges from the Lower Lias to the Kimmeridge 
Clay. 

Ceicosaurus.—5 species of this wonderful Dinosaurian genus have 
been described ; the grandest form, CO. oxoniensis+, is from the Great 
Oolite of Enslow Bridge near Oxford. The other species are C. 
glymptonensis, C. longus, Owen, C. medius, Owen, and a new species 
described by Dr. Hulke, from the Kimmeridye Clay. C. longus is 
of Portland age, but doubtful in the Great Oolite. 

Oolithes.—Are believed to be ova either of Chelonia or Crocodilia. 
O. bathonica, so named by Professor Buckman. 

The following grouping will show the distribution of the Great- 
Oolite Reptilia, and the numerical value of the species :-— 


* Vide Phillips, ‘Geol. of Oxford and Valley of the Thames,’ pp. 196-219, 
for the complete history of Megalosaurus. 
+t Vide ‘ Geol. of Oxford and Valley of the Thames,’ pp. 245-294. 
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Mammatta.—4 genera with 6 species have been recognized in the 
Stonesfield Slate of Stonesfield, namely, Amphilestes, Amphitherium, 
Phascolotherium, and Stereognathus. These were the first discovered 
proofs of the existence of warm-blooded quadrupeds in the British 
strata; since then Microlestes antiquus and Hypsiprymnopsis? 
have been discovered in the Upper Triassic rocks. JMicrolestes finds 
its nearest ally amongst existing mammals in the marsupial and 
insectivorous Myrmecobius, or Banded Anteater, of Australia; teeth 
only of Microlestes have as yet occurred. Prof. Owen divides the 
Marsupialia into two primary groups, the Diprotodontia and Poly- 
protodontia. The living Diprotodonts embrace the herbivorous 
Macropodide, Phascolomys, Hypsiprymnus, and the Phalangistide. 
The Polyprotodonts Perameles, Didelphide, Myrmecobius, Dasyurus, 
and Thylacinus are carnivorous. Both these habits may also be 
ascribed to the fossil forms, the characters of the teeth in the fossil 
as well as in the living forms being conclusive evidence. 

Amphitherwwm, from the Stonesfield Slate, is related to the 
living Myrmecobius. Amphilestes and Phascolotherium were also 
insectivorous Marsupials, Phascolotherium finding its nearest living 
ally in the American Opossums. Stereognathus stands in a dubious 
position ; possibly it may be “ placental.” 

The association of the Marsupialia then, as now, with a peculiar 
land flora (Araucarie and Cycadez), and the presence in the Jurassic 
seas of the Cestraciontide and the Molluscan genus T’rigonia (now ex- 
clusively confined to the Australian seas), tend to show that in 
England at the time of the deposition of the Great Oolite or the 
Stonesfield Slate there must have been both a fauna and a flora re- 
sembling in a remarkable manner those now occurring in Australia. 

For the Analysis of the Great-Oolite species see Table XX XIII. 
p. 200. 
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Taste XXXIII.— Analysis and Distribution of the Great-Oolite Species. 
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§ 7. Forust Marais. 


Priantz.—None, or only fragments of wood. 

AmorpHozoa.—None. 

Ca@LENTERATA.—The only species known in the Forest Marble is 
Anabacia orbulites, and the same passes up to the Cornbrash. 

EcHINODERMATA.—6 genera and 10 species occur, ¢ of which had 
previously appeared in the Inferior and Great Oolites; these connecting 
species are Acrosalenia pustulata, A. spinosa, Apiocrinus Parkinsoni, 
Cidaris bradfordiensis, Clypeus Milleri, and C. Plottii. The re- 
maining 4 species are strictly Forest-Marble species, and are Apio- 
crinus elegans, Astropecten Hualeyi, A. Phillips, and Hemicidaris 


Portland Oolite. 
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alpina. One species, Acrosalenia spinosa, passes to the Cornbrash ; 
and I know of no other species common to the two horizons. 

ANNELIDA.—Serpula intestinalis is the only species occurring in 
the Forest Marble, and this form has the longest continuous range 
of any in the Jurassic rocks. It has been found in 6 horizons, viz. 
from the Great Oolite to the Coral Rag inclusive. 11 species occur 
in the Inferior Oolite, 3 in the Fuller’s earth, and 7 in the Great 
Oolite. 

Crustacea.—None. 

Bryozoa.—Spiropora straminea and Terebellaria ramosissima are 
the only two species occurring in the Forest Marble. The former 
occurs in the Inferior Oolite, and passes to the Cornbrash; the latter 
occurs in the Fuller’s Earth, Great Oolite, and Coral Rag. 31 species 
are known in the Great Oolite, and 17 in the Inferior Oolite. We 
should hardly expect to find this class well represented in the Forest 
Marble or the Fuller’s Earth, the argillaceous nature of the latter 
and the fragmentary or triturated nature of the former being 
highly unfavourable for their development or preservation. 

Bracuiopopa.— Terebratula, Waldheimia, and Rhynchonella are 
the only 3 genera in the Forest Marble, and they include 10 species, 
viz. Terebratula 4, Waldheimia 3, and Rhynchonella 3. 8 of the 
10 species are common to the Cornbrash, and 3 to the Kellaways 
Rock. . 

LAMELLIBRANCHIATA. Monomyaria.—9 genera and 24 species occur 
in the Forest Marble. The genus Pecten only is comparatively 
largely represented, but sparingly so as compared with other for- 
mations. 9 species represent this prolific genus. Out of the .% 
occurring here, ,°, have appeared before, and 7 of the 9 genera 
and 14 of the species pass to the Cornbrash ; so that in reality only 
4 genera and 4 species belong specially to the Forest Marble: they 
are Gervillia Waltoni, Ostrea wiltonensis, Pecten divaricatus, and 
Perna obliqua. ‘The poverty of species in certain groups, and total 
want of representation of many whole classes in the Forest Marble 
is readily accounted for through the nature of the deposit and the 
mode of its accumulation ; for, as we shall see, no Nautili, no Pisces, 
no feptiha, and no Mammalia have yet occurred with all the 
research that this group has undergone. 

Dimyaria.—19 genera and 39 species have been obtained from 
the Forest Marble; {8 are also in the horizons below, and }2 
pass to the Cornbrash. The two chief genera are Astarte and 
Trigonia. The-former possesses 8 species and the latter 6; 12 
genera yield only 1 species each, thus clearly showing the change 
in the deposits at the termination of the deeper-sea condition of the 
Great Oolite, in which no less than 40 genera and 185 species are 
known. This paucity is striking and in conformity with the 
physical conditions that prevailed. Pholadomya, Myacites, Modiola, 
LIucina, Gonwmya, Arca, Cardium, Ceromya, and Cyprina, all 
moderately deep-sea forms, are almost totally unrepresented, yet 
the succeeding Cornbrash has yielded 33 genera and 98 species. 

GasTEROPoDA.—19 genera and 43 species have been recorded from 
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this horizon, mostly from the counties of Gloucester, Somerset, and 
Dorset. 16 genera and 31 species pass from the Great Oolite and 
unite the two subformations ; but only 2 species, Patella cingulata 
and Actwonina Luidiz, pass to the succeeding Cornbrash; none to 
the Kellaways Rock. 41 species of the Gasteropoda, therefore, do 
not range beyond the Forest Marble; overlapping forms from the 
Great Oolite to the Cornbrash, and not appearing in the Forest 
Marble, number 9 genera and 14 species. No genus out of the 
19 occurring in this group possesses more than 4 species, and 10 
only 1. The same paucity occurs in the Lamellibranchiata. 

CrpHaLopopa. Ammonites.— Ammonites Hervey? is the only species 
really known in the Forest Marble, and this species also occurs in 
the Cornbrash. Am. radisensis, D’Orb., is doubtfully referred to the 
Forest Marble. 

Nautili.—None known. 

Belemnites.—None known. 

Prisces.—Asteracanthus Stutchburii, erroneously placed for many 
years in the Lower Lias. 

Repritta.—Bothriospondylus robustus and remains of Strepto- 
spondylus, belonging to the Crocodilia, and the Dinosaur Megalo- 
saurus Bucklandi comprise all we know of the Reptilia in the 
Forest Marble. 

Mammatra.—None known. 


For the Analysis of the Forest-Marble species, see Table XXXIV. 


page 203. 


§ 8. CornBRAsH. 


This uppermost horizon of the Lower Oolite is rich only in the 
Echinodermata, Lamellibranchiata, and Gasteropoda. 

Pranta.—None known. 

AmorpHozoaA.—None known. 

C@LENTERATA.—Anabacia orbulites, one of the Fungide, is the 
only species known to occur in the Cornbrash. This species ranges 
from the Inferior Oolite direct to the Cornbrash. 

KcHInopDERMATA.—12 genera and 23 species may be said to range 
through England, the persistency of the Cornbrash from Dorsetshire 
to Yorkshire being such as to render it a continuous band, never 
many feet in thickness anywhere. The 12 genera are sparingly repre- 
sented. With the exception of the Asteroid Ophwwrella Griesbachit, 
the whole of the class belong to the Echinoidea. 4 genera—Echi- 
nobrissus 3 species, Holectypus 1, Pygaster 2, and Pygurus 1— 
represent the group Exocyclica; and Acrosalenia 4 species, Hemi- 
cidaris 1, Hemipedina 2, Pedina 2, Polycyphus 1, Psewdodiadema 4, 
and Stomechinus 1 species, belong to the Endocyclica. No Crinoidal 
remains have hitherto been recorded. One species (Acrosalensa 
spinosa) passes up from the Forest Marble; and 2 species (Lchino- 
brissus orbicularis and E. dimidiatus) pass to the Coral Rag. Thus 
20 species are restricted to this uppermost member of the Lower 
Oolite. 


ANNIVERSARY ADDRESS OF THE PRESIDENT. 203 


Taste XXXIV.—Analysis and Distribution of the Forest-Marble Species. 
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AnnetIpA.—The Tubicola, through the genus Serpula with 5 
species, include all the known Annelida; only 1 species is truly Corn- 
brash, viz. S. quadrata. WS. vertebralis occurs in the Oxford Clay 
also; and S. intestenalis ranges from the Great Oolite to the Coral 
Rag inclusive. The intricate distribution of the 45 species of Serpula 
through the Jurassic rocks is not easy to trace. The largest number 
of species, 11, occurs in the Inferior Oolite; the Lower Lias con- 
tains 8, the Corallian rocks 7, the Great Oolite 7, and the Middle 
| Lias 6; the remaining 8 horizons are variously represented. 
| Vermicularia and Vermilia are not known in this subdivision of 


the Jurassic series. 
CrustacEA.—Glyphea Birdii, G. rostrata, and Gt. scabrosa are the 
only 3 species of Crustacea known in the Cornbrash. G. rostrata — 


204 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 


ranges from the Inferior Oolite to the Corallian rocks. G. scabrosa 
is entirely confined to the Cornbrash, and is a Yorkshire form. 

Brxoz0a.—Berenicea diluviana, B. luciensis, Hippothoa Smithii, 
Spiropora straminea, and Stomatopora dichotoma are the 4 genera 
and 5 species that occurin the Cornbrash. Hippothoa Smithw is the 
only species truly belonging to this horizon. The other 4 named 
species reach the Cornbrash from lower beds, 19 genera and 51 
species in all occur in the Jurassic rocks. 31 species are in the 
Great Oolite, 17 in the Inferior Oolite. 

Bracwiopopa.—Terebratula with 5 species, Waldhemia with 8, 
Rhynchonella with 5, and Discina with 1, comprise all that are known 
in the Cornbrash. Waldheimia obovata, W. ornithocephala, Tere- 
bratula coarctata, T'. intermedia, and T’. obovata, = 2, pass to the 
Kellaways Rock; no Lower Oolite form passes to any higher 
horizon. 

LaMELLIBRANCHIATA. Monomyaria.—l1 genera and 55 species 
occur, chiefly made up of species belonging to the genera Avicula 
(6 species), Gervillia (5), Lima (8), Ostrea (8), and Pecten (16) ; 
the remaining 6 genera number but few species. 7 genera and 
14 species pass to the Kellaways Rock ; and the same number bridge 
over the change occurring between the Forest Marble and Corn- 
brash, so that the peculiar or confined species are few. Those that 
pass direct to the Kellaways Rock are Avicula braamburiensis, Ger- 
villia aviculoides, Lima duplicata, L. pectiniformis, Ostrea flabelloides, 
O. Sowerbyi, Pecten annulatus, P. armatus, P. demissus, P. fibrosus, 
P. inequicostatus, P. lens, P. vagans, Perna rugosa, and Placunopsis 
inequalis, The only restricted species, so far as we know, are 
Hinnites gradus, H. gradatus, Lima helvetica, L. rigidula, Ostrea 
spatiosa, Pecten anisopleurus, P. cingulatus, and P. rushdenensis. 
Only 3 of the genera pass to the Oxford Clay-—Gervillia, Lima, and 
Peeten (Gervillia aviculoides, Lima duplicata, L. pectiniformis, Pecten 
annulatus, P. arenatus, P. demissus, P. fibrosus, P. lens, and P. 
vagans). 4 genera with 13 species pass to the Coral Rag or Coral- 
lian beds. 

Dimyaria.—33 genera and 98 species range through England. 
Pholadomya and T'rigonia are the only two largely represented 

genera, the former by 10 species, the latter by 18. Modiola, Myacites, 
- Astarte, and Cardiwm have 7 species each. 14 genera yield only 1 
species each; and 11 only 2. Either want of research or extreme 
rarity (which is hardly probable) must account for the paucity of 
individuals. The Cornbrash receives from the Forest Marble 
11 genera and 19 species ; and 12 genera and 27 species pass to the 
succeeding Kellaways Rock. Only 8 genera and 12 species are 
strictly confined to the Cornbrash ; and 8 genera and 16 species first 
appear in it. Those strictly confined to the Cornbrash, so far as we 
at present know, are:—Astarte Leckenbyt, Cardium latum, Leda 
rostralis, L. variabilis, Lucina Beanti, Myacites uniformis, Opis 
Leckenbyi, O. scarburgensis, Sanguinolaria parvula, Trigonia cas- 
siope, 1’. scarburgensis, and T. tripartita. 

Although the Cornbrash makes no physical or stratigraphical 
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feature in Yorkshire, yet paleontologically it is of much importance, 
Leckenby, Lycett, Hudleston, and others have written its history 
through the fossils collected. It physically marks the termination 
of the Upper Estuarine series of the Lower Oolite, constituting, 
with the Dogger, Grey Limestone, and Millepore-bed, four marine 
episodes in the greatly developed Estuarine group of Yorkshire. 
7 genera and 7 species also pass to the Oxford Clay, many species, 
however, avoiding this argillaceous deposit, and reappearing in the 
higher Corallian beds, where 9 genera and 17 species have been 
observed. 

GastrRopopA.—20 genera and only 28 species have as yet been 
described from the Cornbrash, 14 of the 20 genera are represented 
only by 1 species each, 4 by 2 species, and the remaining 2 by 3 
species each. Wemight almost say that here specific representation 
has no value. 5 genera and 6 species pass to the Kellaways Rock, 
3 genera and 3 species to the Oxford Clay, and 4 genera and 4 species 
to the Corallian beds. 9 genera and 11 species are entirely confined 
to the Cornbrash. It is essential that I should name these 11 species ; 
they have value now, but in time may not. They are :—Actwonina 
scarburgensis, Amberlya armigera, Ceritella costata, Nerina granu- 
lata, Nerita granulata, Neritopsis d Archiaci, N. Guerre, Purpuroidea 
ornata, Trochus strigosus, Chemnitzia vetusta, and C. vittata. Only 
2 species connect the Forest Marble and Cornbrash, viz. Actwonina 
margmata and Patella cingulata. 6 species pass to the succeeding 
Kellaways Rock in Yorkshire ; these are Pleurotomaria granulata, 
Natica (or Littorina) punctata, Amberlya ornata, Dentalium entaloi- 
deum, Aluria trifida, and A. bispinosa. There is no more unsatis- 
factory group of Mollusca in the Cornbrash than the Gasteropoda. 
There are few species and few individuals, and these are seldom 
well preserved. 

CrrHALopopa. Ammonites— Ammonites discus, A. Herveyi, and A. 
macrocephalus constitute the Ammonitide. A. macrocephalus ranges 
into the Kellaways Rock and Oxford Clay. 

Nautili.iw~Nautilus hevagonus is the only species; it occurs also in 
the Kellaways Rock and Corallian beds. 

Belemnites.—No Dibranchiata known. 

Piscrs.—Asteracanthus acuius and Isodius leptognathus constitute 
all the fishes known in the Cornbrash. 

Repritra.—Remains of Megalosaurus Buckland: occur, and this is 
the only form known. 

Mammarta.—None known. 

For the Analysis of the Cornbrash species, see Table XXXY. 
p. 206. 
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TaBLE XXXV.—Analysis and Distribution of the Cornbrash Species. 
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§ 9. Kettaways Rock, 


Prantaz.—None known. 

AmorpHozoA.—None known. 

Catenterata.—None known. 

Ecuryopermata.—Only 3 species of the genus Astropecten are 
known to occur; they are Astropecten arenicolus, A. claveforms, 
and A. orton. No Echinoidea or Crinoidea have yet occurred. 

ANNELIDA.—Serpula intestinalis stands alone out of the 35 species 
that occur in the Oolitic rocks. This same species also occurs in the 
Oxford Clay and Corallian beds. 

Crustacna.—Glyphea rostrata and G. Strickland: are the only 
two known; the former commences in the Inferior Oolite and 
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appears to be the same form that also ranges into the Coral Rag. 
Out of 64 Jurassic species it is the only long-lived form. 33 species 
occur in the Lower Lias, all restricted ; 12 in the Upper Lias, all 
equally characteristic; 5 in the Great Oolite; and 3 in the Corn- 
brash. The Oxford and Kimmeridge Clays only have 2 species in 
common, Glyphea leptomana and G. Stricklandi. 

Bryozoa.—None. 

Bracuiorpopa.—Terebratula coarctata, T. intermedia, T. obovata, 
Waldheimia ornithocephala, W. umbonella, Rhynchonella varians, 
R. socialis, R. yaaleyensis, Lingula levis, and Discina centralis 
comprise all the species known in the Kellaways Rock. &. varians 
and W. ornithocephala occur also in the Oxford Clay, and W. obovata 
in the Corallian beds. 

LAMELLIBRANCHIATA. Monomyaria.—l1 genera and 28 species 
occur, ;), of which appeared in and came from the Cornbrash, 
ii, pass to the Oxford Clay, and ,", to the Corallian rocks. The 
species that commence in the Kellaways Rock are Anomia 
inequivalvis, Avicula ovalis, Kxogyra nana, Gryphea bilobata, 
G. dilatata, Lima notata, L. obscura, Ostrea archetypa, O. procerula, 
O. striata, O. undosa, and Pinna mitis; but only 4 genera and 8 of 
the above species are essentially Callovian, viz. Anomia inequivalvis, 
Gryphea bilobata, Inma notata, L. obscura, Ostrea archetypa, O. pro- 
cerula, O. striata, and O. undosa. The Kellaways Rock is finely 
developed in Yorkshire, north and south of Scarborough, in the 
Castle Hill and near North Cave. In Lincolnshire it has thinned 
away to 3 feet; and appears no more until recognized in its original 
area in Wiltshire, where, in the form of rock, it is richly fossili- 
ferous, individually rather than specifically. 

Dimyaria.—18 genera and 57 species form the Dimyarian 
fauna of the Kellaways Rock; 37 are also Cornbrash forms, 8 
pass up to the Oxford Clay, and ,’, to the Corallian beds. The 
special Callovian forms are Anatina versicostata, Cardiwm subdissi- 
mile, Corbis levis, Cucullea emula, C. minima, Isocardia clarissima, 
Incina lirata, L. pulchra, Modiola Morris, Myacites Alduini, 
Nucula ornata, Solemya Woodwardiana, Trigonia complanata, T. 
paucicostata, T'. rupellensis, and T. Williamson. ‘These all com- 
mence in and are confined to the Kellaways, none ranging 
higher. It will be seen that 9 of these genera are only represented 
by 1 species. If the same occurred in living genera, we should 
regard them as extremely rare; and there are examples in our 
modern seas of the same rarity (e.g. Pholadomya). It is only 
negative evidence withal that we possess when dealing with the 
paucity or abundance of species in any given formation; but the 
tabular analysis of the fauna of all the formations (Table XLIV. 
p. 226) faithfully represents the present aspect and value of the 
work done by British paleontologists up to the present time. Car- 
dium (6 species), Myacites (6), Pholadomya (7), and Trigonia 
(6 species), are the only genera fairly well represented. 

Gasrpropopa.—Very few of the genera and species of the Kel- 
laways Gasteropoda range higher. The fauna, too, is small, only }8, 
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The special or restricted species are Alaria arsinoe, Cerithium abbre- 
viatum, C. cerebrum, Chemnitzia lineata, Patella graphica, Pleuroto- 
maria arenosa, P. guttata, and P. striata. None of these occur out 
of the Kellaways Rock; and most of them are Yorkshire species. 
4 species first appear in the Kellaways and pass to higher horizons. 
They are Pleurotomaria depressa, Alaria armigera, Acton retusus, 
and Dentalium annulatum. Thus the 8 restricted forms and these 
4 which first appear, or 12 species, must be considered as con- 
stituting the typical Gasteropoda of the formation. Only 5 genera 


and & species out of the !§ unite the Lower and Middle Oolites. . 


They are:—Alaria bispinosa, A. trifida, Dentalium entaloideum, 
Amberlya ornata, Natica punctura, and Pleurotomaria granulata, 
3 pass to the Oxford Clay, and $ to the Corallian beds. 

CEPHALOPODA. Ammonites.—No less than 41 species of Ammonites 
suddenly appear in the Callovian beds. 33 of these occur in the 
Yorkshire deposits. Our knowledge of these is largely due to the re- 
searches of Professor Phillips and the late Mr. Leckenby*. 20 of 
the 41 species pass to the Oxford Clay and 4 to the Corallian beds. 
The 17 species actually confined to the Kellaways group are dmm. 
alternans, Amm. auritulus, Amm. Bakerie, Amm, Baugiert, Amm, 
convolutus, Amm. Eugenii, Amm. flexicostatus, Amm. fluctuosus, 
Amm. goliathus, Amm. Henrici, Amm. Lalandianus, Amm. Lonsdaler, 
Amm. oculatus, Amm. planula, Amm. tatricus, Amm. raricostatus, 
and Amm. Vernon. Only 1 species (Amm. macrocephalus) passes 
from the Cornbrash to the Kellaways. The 4 species that pass to 
the Corallian beds are Amm. alligatus, Amm. Gulielmi, Amm. perar- 
matus, and Amm. placenta. They range no higher. Scarborough, 
Redcliff, Hackness, and Gristhorpe are the chief localities from which 
the Kellaways Ammonites have been obtained. 

Ancyloceras.—Only 2 Jurassic species of Ancyloceras are known— 
A. annulatum, in the Inferior Oolite, and <A. calloviense, from the 
Kellaways Rock of Wiltshire. 

Nautili.mNautilus calloviensis and N. hevagonus are the only 
species yet known. NV. hexagonus occurs in the Cornbrash (?), 
Kellaways, and Corallian beds. 

Belemnitide.—The Dibranchiata are equally poor in species. We 
only know 3 species, viz. Belemnites Owenii, B. hastatus, and B, tor- 
natilis. 

Piscrs.—Teeth of Strophodus radiato-punctatus occasionally occur ; 
no other forms are known. 

Repriira.—None known. 

Mammartia.—None known. 


* Quart, Journ. Geol. Soc. vol. xv, 
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Taste XXXVI.—Analysis and Distribution of the Kellaways 
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§ 10. Oxrorp Cray. 


Pranrx.—The Cycadez stand almost alone as representing the 
flora of the Middle Oolitic rocks. Bucklandia, Bennettites, Yutesia, 
' and Cycadeostrobus are the only 4 genera known ; together they only 
) yield 5 species. Cycadeostrobus sphericus, Carr., is the only species 
known in the Oxford Clay. 

Ruizoropa.— Bolwina punctata, a Polymorphina, and Pulvinu- 
lina Kaestini are the only Foraminifera known to occur in the Oxford 
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Clay. I believe there are no other known species in the Middle 
Jurassic strata; but 7 genera and 13 species occur in the Kimme- 
ridge Clay. 

CaLenterata.—None known. 

Ecurnoprermata.—Pentacrinus Fishert, Amphiura Prattii, and 
Cidaris inspirata compose the Echinodermal fauna of the Oxford 
Clay. The calcareous strata of the Corallian rocks above hold a 
numerous series ($2). The four chief horizons are, as we should 
expect from the nature of the deposits, the Inferior Oolite (51), the 
Great Oolite (53), the Cornbrash (23), and the Corallian beds (28). 
The large fauna which accompanies each is largely due to physical 
conditions and adaptation. The above 3 species are confined to the 
Oxford Clay. 

AnneLipa.—Serpula intestinalis and S. vertebralis are the only - 
species occurring. The Corallian beds above possess 3 genera and 
8, species. 

CrusracEA.—®5 genera and 6 species known; 3 of these are un- 
satisfactory forms—Estheria Murchisonice, Pollicipes planulatus, and 
P. concinnus. The Macrura, through Glyphea leptomana, G. Strick- 
landi, and Mecochirus Pearcei, constitute the Crustacean fauna of 
the Oxford Clay. None pass to the Corallian rocks ; but 2 species 
are also Kimmeridgian. 

Bryozoa.—None known. 

Bracutopopa.—5 genera and 10 species range through the Oxford 
Clay, viz. Waldheimia bucculenta, W.impressa and W. ornithocephala, 
Terebratula insignis and 7’. oxoniensis, Rhynchonella lacunosa and 
hk. socialis, Lingula Crane and L. ovalis, and Discina latissima (?). 
The only species that range to higher beds are Lingula ovalis to the 
Kimmeridge Clay; and Rhynchonella lacunosa, Waldheimia buccu- 
lenta, and Terebratula insignis to the Corallian beds. 

LaMeLriprancurata. Monomyaria.—With the 7 genera and 16 
species which appeared in the Kellaways, the Oxford Clay yields 
9 genera and 26 species, only 7 of which are restricted ; these are 
Pecten levis, Ostrea hebridica, O. inequalis, Lima argillacea, Gryphea 
elongata, Avicula pterosphenia, and Anomia estuarina. 13 species 
pass to the Corallian rocks and 6 to the Kimmeridge Clay. The species 
common to the Oxford and Kimmeridge Clay are Avicula dorsettensis, 
Av. mequalis, Gervillia aviculoides, Pecten arenatus, P. demissus, 
and P. vimineus. Pecten is the only genus in which the species 
number more than 4. 

Dimyaria.—21 genera and 48 species constitute the whole 
fauna of this group of the Bivalvia; 8 genera and 13 species ally 
the Oxford and Kellaways Dimyaria; 26 of the 48 species exclu- 
sively belong to the Oxford Clay. None of the genera are largely 
represented; 10 genera contain only 1 species each. Cyrena, 
through the estuarine “ Staffin shales,” occurs for the first time in 
the Jurassic series, and with 6 species. In the Wealden this is 
the most prominent genus amongst the Lamellibranchiata, no less 
than 8 species being known in the Weald Clay. Zrigonia is the 
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only genus out of the 21 that is represented by so many as 5 species. 
The Oxford Clay and Corallian beds are allied through 9 genera and 
14 species, and 3 species range into the Kimmeridge Clay, viz. Z’rz- 
gonia clavellata, Modiola bipartita, and Cardium striatulum. There 
is an estuarine element in this horizon, shown by a certain facies 
in the Mollusca, and the genera possessing this character are the 
most numerously represented—Corbula 3 species, Cyrena 6, Pota- 
momya 3, Unio 1. This is more evident in the Dimyarian than the 
Monomyarian genera; it is equally manifest in the Gasteropoda, 
Cerithium, Hydrohia, Inttorina, Neritina, Melania, and Valvata 
being suggestive of estuarine conditions. In Scotland, at Loch 
Staffin (Isle of Skye) an estuarine condition was long ago deter- 
mined by Prof. Forbes*. In his paper Forbes speaks of the Staffin 
area as follows:—‘ The succession of events indicated by the section 
IL have described is of no small interest, when considered in its 
bearing on the physical geography of our area during the Oolitic 
epochs. ...... But at the termination of the deposition of the 
middle oolitic strata, we have indications of most important changes, 
and of the conversion of the bed of the Hebridean oolitic sea into 
an estuarine and terrestrial area, which after a considerable lapse 
of time became submerged under oceanic conditions and had a new 
series of marine strata deposited upon it” (loc. ct. p. 108). 

GasTERoPopA.—Only 10 genera and 17 species occur, of which 9 
species are confined to the Oxford Clay; and 3 genera and 4 
species unite the Kellaways below with this horizon. The purely 
Oxford-Oolite species are Certthium Damonis, Leptowis trochiformis, 
LIittorina Meriani, Melania inermis, Neritina arata, Paludina scotica, 
Pleurotomaria amphicelia, P. Minstert, and Valvata precursor. 
These restricted forms, as in almost every case through the Jurassic 
deposits, occur only in single species. Plewrotomaria reticulata is 
the only species of Gasteropod out of the 17 that passes from the 
Oxford Clay to the Corallian beds. Thus the Oxford Clay Gastero- 
poda are of specific value; but, as in the great argillaceous groups 
from the Lias up to and including the Kimmeridge Clay, the mass 
of the species belong to the Lamellibranchiata. The extreme poverty 
of species is shown by the following figures for the 10 genera :— 


Alaria, Littorina, Pleurotomaria, each possess 3 species=9 


IPE ihr Al, TIOSHESSOS ee es «ch mine a ew bie Zo tein SS 

Cerithium, Leptoxis, Hydrobia, Melania, Palu- 
dina, and Valvata each possess ........ ty oe 
17 


CepHsLopopa. Aimmonites.—No less than 45 species of Ammo- 
nites occur in the Oxford Clay, 11 of which pass to the succeeding 
Coralline Oolite and 4 to the Kimmeridge Clay; 20 species ranged 
from the Kellaways Rock below. The special Ammonite fauna is 18 


* Quart. Journ. Geol. Soc. vol. vii. pp. 104-1183. 
q2 
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species; they are so important stratigraphically that I name them 
—A. alternans, A. auritulus, A. Bakeriw, A. Baugeert, A. Comptoni, 
A, convolutus, A. Eugenii, A. flexicostatus, A. fluctuosus, A. goliathus, 
A, Henrici, A. Lalandianus, A. Lonsdalei, A. oculatus, A. planula, 
A, tatricus, A. raricostatus, A. Vernoni. These 18 species are en- 
tirely confined to the Oxford Clay. The 4 species that pass to the 
Kimmeridge Clay are A. longispinus, A. Lamberti, A. annularis, 
and A. anceps. Very few species occur in the Oxford Clay of 
Yorkshire ; they mostly occur in Wiltshire, Huntingdonshire, Lin- 
colnshire, Oxfordshire, and Western Scotland. The groups repre- 
sented in the Oxford Clay are the Dentati, Flewuosi, and Ornati 
(species of Cosmoceras), the Armati (Aspidoceras longispinum and 
perarmatum), the Amalthei through A. cordatus, A. Lamberti, and the 
Macrocephal through Siephanoceras macrocephalum. Twenty Oxford- 
Clay species occur in the Western Isles (Scotland), in which the 
groups Dentati, Ornati, and F'lexuwosi are conspicuous, species of the 
genera Cosmoceras and Aspidoceras prevailing™. 

Ancyloceras.— Ancyloceras calloviense is the only form occurring,. 
though sparingly. It is chiefly Callovian. 

Nautili.—None known. 

Belemnites—13 species have been described, but probably only 
10 occur, and 3 varieties of the species B. Owenw. Since the 
Inferior Oolite, which yielded 16 species, there has been no such 
illustration ofthe genus. The Fuller’s Earth has only 3 species, the 
Great Oolite 3, Forest Marble none, Cornbrash none, Kellaways Rock 
3, and the Oxford Clay under notice 13. They decline again in 
the two next horizons. The Corallian beds possess only 4, the 
Kimmeridge Clay 8, and the Portland bedsnone. The varieties of B. 
Owenii are B. Puzosianus, B. verrucosus, and B. tornatilis. Admit- 
ting these to be varieties of that species, the number may be reduced 
to 10. Only 1 species (B. abbreviatus) passes to the Corallian series 
and Kimmeridge Clay; B. cxcentricus may be only a var. of B. 
abbreviatus. Only 6 of the 13 species are confined to the Oxford 
Clay, viz. B. Beawmontianus, B. excentricus, B. obeliscus, B. spicu- 
laris, B. strigosus, and B. sulcatus. These 13 forms, with the one 
exception, are all Middle Oolitic, none appearing below the Kellaways 
Rock or above the Corallian beds. 3 species pass to the Corallian 
rocks, viz. B. abbreviatus and var. excentricus, and B. hastatus. B. 
abbreviatus also ranges to the Kimmeridge Clay or the Upper Oolite. 
B. hastatus and B. Owenzi are the only two species that come up 
from the Kellaways below. 

Teuthide.—Acanthoteuthis antiquus and Geoteuthis brevispinus 
illustrate this family; they are associated with the great series of 


* To enter into the distribution of the Middle Oolite Ammonites according 
to their groups and new genera would alone constitute an entire address; the 
difficulty is to reduce any history of this group to moderate limits. D’Orbigny 
in this division of the Jurassic rocks (Oxfordian) enumerates no less than 43 - 
species of Ammonites, 12 Belemnites, and 4 Nawzilz. 


ee 


ANNIVERSARY ADDRESS OF THE PRESIDENT. 213 


Ammonites collected from the Oxford Clay of Christian Malford. 
Acanthoteuthis is the Belemnoteuthis of Pearce, the Lipoteuthis of 
Meyer, and the Hnoploteuthis of D’Orbigny. Mantell and Owen have 
made this genus classical through their papers in the Philosophical 
Transactions of the Royal Society. Besides Coccoteuthis latipinnis, 
from the Kimmeridge Clay, we have an undescribed form of the 
same genus from the Oxford Clay of Chippenham. In many of 
the older collections, made at the time of the construction of the 
Great Western Railway, new species, I doubt not, will yet be found 
on careful examination. 

Pisces.—Aspidorhynchus euodus, Lepidotus macrorhynchus, Lepto- 
lepis costalis, and L. macrophthalmus are all the known fishes in the 
Oxford Clay, neither do they occur out of it. All the species of 
fish occurring in the lias, the Lower Oolite, Middle Oolite, and 
Upper Oolite are totally distinct; no species unites any of the divi- 
sions, so that the range of the 61 genera and 219 species occurring 
in the Jurassic rocks is definite, and of great significance stratigra- 
phically. Only 2 species out of 106 are common to the Lower 
and Middle Lias, and only 2 to the Lower and Upper Lias, and none 
pass to any horizon in the Oolitic beds above. No Lower-Oolite 
species pass to the Middle Oolite, and no Middle-Oolite species to 
the Upper. The Great Oolite has 28, none ranging higher ; after 
which the Kimmeridge Clay yields 15 species, the only large number. 

Reprit1a.—13 species representing 7 genera have now been de- 
scribed from the Oxiord Clay, namely—ZIchthyosaurus dilatatus, 
I. thyreospondylus, Megalosaurus Bucklandi, Murenosaurus Leedsit, 
Plesiosaurus eurymerus, P. Leedsii, P. owoniensis, P. plicatus, P. tro- 
chanterius, Pliosaurus equalis, P. Evansi, Streptospondylus Cuviert, 
and Priodontognathus Phillipsii ; and only two of these pass to the 
Corallian beds (Pliosaurus cequalis and Megalosaurus Buckland), 
and 5 species to the Kimmeridge Clay. 6 species are specially 
Oxfordian, viz. Murenosaurus Leedsii, Plesiosaurus eurymerus, 
P. Leedsii, P. oxoniensis, Pliosaurus Evansi, and Priodontognathus 
Phillips. The above genera illustrate the following 4 orders—the 
Opisthoccelian Crocodilia through Streptospondylus, the Sauro- 
pterygia through Murenosaurus, Pliosaurus, and Plesiosaurus, the 
Ichthyopterygia through Jchthyosaurus, and the Dinosauria through 
Megaloswurus and Pristodontognathus. 

Mammatra.—None known. 

[For the Analysis of the Oxford-Clay species see Table XX XVIL., 
p. 214.] 
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TasbE XXXVIT.—Analysis and Distribution of the Oxford-Clay 
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§ 11. Coratiian Rocks. | : 


Prantz.—4 genera and 7 species occur, all confined to these rocks. 
It is necessary that I name them, as, with the exception of 2 species, 
they are the last we know of the Jurassic flora. The Conifer 
and the Cycadee are the two families represented. Araucarites 
Hudlestont is the only Conifer ; Bennettites Peachianus, Buch- 
landia Milleriana, Yatesia crassa, and Y. Joassiana represent the 
Cycadex. Carpolithes Bucklandi and C. conicus must be doubt- 
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fully referred; the last-named species is said to have occurred in 
the Great Oolite; this is also doubtful. 

AmorpHoz0a.—Scyphia cylindrica and Spongia floriceps are all 
that are known out of the 11 occurring in the Jurassic rocks; only 
one species occurs in the Lower Lias (Grantia antiqua), 9 in the Great 
Oolite, and the 2 Corallian species now recorded. 

Ruizopopa.—No species is known to occur in the Lower Oolite, 
and only 3 in the Middle; Dentalina may be the single genus in 
the Corallian beds. 

Careyterata.—Nearly all the Actinozoa of the Corallian rocks 
are compound or branching forms, the exceptions being Montl- 
valtia dispar and Protoseris Waltont. 10 genera and 14 species 
range through the beds composing this formation; the remaining 
8 genera and 12 species are—Comoseris irradians, Goniocera socials, 
Isastrea explanata, I. Greenoughu, Rhabdophyllia Phillipsu, R. 
Edwardsii, Stylina de la Bechet, S. tubulifera, Thamnastrea arach- 
noides, T'. rotata, Thecosmilia annularis, and Calamophyllia Stokesia. 
All are confined to the Coral Rag, except onespecies, viz. Thamnastrea 
arachnoides, which is also Cornbrash. Dorset and Wilts, with 
Malton, Ayton, Hackness, and Seamer, in Yorkshire, are the chief 
localities known. This special Coral fauna is the largest since 
the deposition of the Great Oolite, which yields }3 species, and the 
Inferior Oolite 12. We have seen that only one species occurs in the 
Forest Marble and 1 in the Cornbrash. No species is known either 
in the Kellaways Rock or the Oxford Clay: nor do we know any 
species in the Kimmeridge Clay. 

EcuinoprermMsta.—15 genera and 28 species occur, and of these 
26 are entirely confined to the Corallian beds. Two species, Echino- 
brissus dimidiatus and E. orbicularis, are also Cornbrash. JZilleri- 
crinus echinatus is the only Crinoid, and Astropecten rectus the only 
Asteroid. The group Echinoidea Endocyclica is represented by 6 
genera and 11 species, and the Exocyclica by 7 genera and 15 
species ; they are :— 
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Compared with the Inferior and Great Oolite the Echinodermal 
fauna is small; the former yields 2? species, and the latter oe 
AnyeEtipa.—Serpula with 5 species, and Vermicularia with 2; 
or 2 genera and 7 species comprise all the known Oorallian 
Annelida; and, except the Inferior Oolite, with 11 species, no 


other horizon in the Jurassic rocks has yielded so many forms, 
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Crustacea.—Glyphea ferruginea and G. rostrata are the only 2 
species known; the latter ranges from the Inferior Oolite. The 


Oxford Clay below holds 6 species, and the Kimmeridge above 7. - 


Glyphea ferruginea is the only species confined to the Corallian 
rocks. 

Bryozos.—Two doubtful species, Heteropora conifera and Terebel- 
laria ramosissima occur, but they are also found in the Inferior and 
Great Oolite. 

BracHiopopa.—21 species occur in the Corallian beds, repre- 
senting 7 genera—Terebratula 7 species, Waldheimia 6, Rhynchonella 
3, Lingula, Discina, and Zelania one each, and Thecidium 2. Discina 
Humphresiana ranges into the Kimmeridge Clay, and is the only 
species connecting the two horizons. 

LaMeELirprancurata. Monomyaria.—l4 genera and 58 species 
are known to occur; of these 16 are Corallian forms only. 7 genera 
and 15 species pass to the Kimmeridge Clay, 9 genera and 13 
species unite the Oxford Clay below with the Corallian. The 
genera most largely represented are Avicula with 7 species, Lima 8, 
Pecten 5, and Ostrea 9. Plicatula, Pteroperna, Trichites, and Ger- 
villia each possess but one species. Perna, Pinna, Hinnites, and 
Placunopsis have 2 species each. We should expect to find these 
genera more largely represented on comparing them numerically 
with the Inferior Oolite, in which the four first-named genera yield 
17 species, and the four last 17 species. The Monomyarian fauna 
in the Inferior Oolite is ,, species, in the Great Oolite }§, the 
Cornbrash }!, and the Corallian under examination }. ~The con- 
ditions of deposition and accumulation are most nearly allied to 
those of the Great Oolite. Space will not allow me to name the 
species constituting the fauna of this horizon; my only resource is 
to treat them numerically. Hwxogyra nana, EL. spiralis, Lima rustica, 
Ostrea solitaria, and Perna mytiloides range to the Portland beds. 

Dimyaria.—29 genera and 93 species occur in this group of 
the Bivalvia; no less than 47 of the 93 species are peculiar to 
it, and they belong to 22 of the 29 genera. 9 genera and 14 
species occur in the Oxford Clay below, and 10 genera and 12 
species pass to the Kimmeridge Clay; but Zhracia depressa and 
Modiola pallida are the only 2 species that pass to the Portland 
beds. Astarte, Arca, Modiola, Lucina, Pholadomya, and Trigona 
are the genera most largely represented. United their species number 
46, or 50 per cent. of the whole. 10 genera possess only 1 species 
each ; this tends to show the importance of correctly determining 
the genera in an extensive fauna, so that undue value may not be 
assigned to those having only a single species. In the present, as 
in many other formations, nearly one half are thus poorly repre- 
sented. In the present instance we have little doubt of correct 
determination ; such genera as Gastrochena, Homomya, Myoconcha, 
Mytilus, Pholas, Tancredia, and Protocardium can hardly be mis- 
taken; it is the single representative that causes anxiety when 
examining extensive catalogues ef species or specimens in col- 

ections. 
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GastEROPODA.— With the exception of 7 species, the whole of the 67 
known species are confined to the Corallian rocks. Plewrotomaria 
reticulata passes to the Kimmeridge Clay. The only species 
uniting the Oxford Clay and Coral Rag is Littorina muricata ; but 
5 of the Kellaways species bridge over the Oxford Clay and reappear 
in the Corallian; they are Plewrotomaria granulata, Dentalium an- 
nulatum, D. entaloideum, Alaria bispinosa, and Actwon retusus. No 
species passes to the Portland Oolite. Probably in no other horizon 
in the British recks are the Gasteropoda so distinctive of the beds 
they occupy; for we have seen that out of the 67 species known 
60 are peculiar to or characteristic of the Corallian beds. 

CEPHALOPODA. Ammonites.—21 species occur, 9 of which are 
essentially Corallian; they are A. anceps-albus, A. Babeanus, 
A. cadonensis, A. rupellensis, A. plicatilis, A. pseudo-cordatus, A. 
retroflecus, A, Sutherlandie (goliathus), and A. Williamson. 11 
of the 21 species also occur in the Oxford Clay, and 2 pass up to 
the Kimmeridge Clay (A. achilles and A. longispinus). Only one 
species, A. macrocephalus, connects the Lower and Middle Oolitic 
rocks ; the only 5 Ammonites that occur in or range all through 
three of the Middle Oolite divisions are A. alligatus, A. Duncani, 
A, Gulielnu, A. perarmatus, and A. placenta; and only 5 connect 
the Middle and Upper Oolites, in which latter there are 31 species ; 
these last are A. achilles, A. anceps, A. annularis, A. Lamberti, and 
A. longispmmus, and they do not pass above the Kimmeridge Clay. 
Every care has been taken with reference to the details and ana- 
lysis of the above species. 

NautiliimNautilus hexagonus is the only species in the Corallian 
beds; it had previously occurred in the Cornbrash and Kellaways 
Rock. 

Belemnites.—B. abbreviatus with its two varieties, B. oayrhynchus 
and B. excentricus, and B. hastatus constitute all the known Dibran- 
chiata. B. abbreviatus also appears in the Kimmeridge Clay above. 

Pisces.—Gyrodus Cuviert, Gi. punctatus, and Hybodus obtusus are 
all that have occurred of this class. 

Reprit1aA.—Ohelys Blaku, Megalosaurus Bucklandi, and Plio- 
saurus are the only representatives, and these illustrate three orders 
—the Chelona, Dinosauria, and Enaliosauria or Sauropterygia. 
Megalosaurus and Pliosaurus also occur in the Oxford Clay. 

Mammarra.—None known. 

[For the Analysis of the Corallian species see Table XXXVIIL, 
p. 218.] 
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Taste XXXVITI.— Analysis and Distribution of the Corallian 
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§12. Kimmeripe: Cray. 


Pranta.— Pimtes depressus is the only known plant in the Kim- 
meridge Clay. This constitutes the entire known flora of the Upper 
Oolitic rocks in Britain. 

AmorpHozoA.—None known. 

Ruizopopa.—7 genera and 13 species of Foraminifera occur in 
the Kimmeridge Clay; they are Bolivina 1 species, Dentalina 3, 
Glandulina 1, Lagena 2, Planularia 1, Polymorphina 3, and Pul- 
vinulina 2 species. From the Upper Lias to the Kellaways Rock 
inclusive there is scarcely any evidence of Foraminifera in the 
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British Jurassic rocks. I do not doubt their occurrence, but they 
have not been recorded. 

-Ca@Lenterata.—As in the Kellaways and Oxford Clay, or Oxfor- 
dian strata, so in the Kimmeridge, no remains whatever of Actinozoa 
have occurred notwithstanding all the research into these three 
horizons. 

Ecutwoprermata.— Cidaris baculifera, C. boloniensis, C. spinosus, 
Hemipedina Cunnington, H. corallina, H. Morris, and Pentacrinus 
sigmaringensis, or 3 genera and 7 species, compose the Kchino- 
dermal fauna of the Kimmeridge Clay. 

ANNELIDA.—Only 3 species known, Serpula Royeri, S. variabilis, 
and Vernucularia contorta. 

CrustaceA.—Callianassa isochela, Eryma Babeawm, Glyphea lepto- 
mana, G. Stricklandi, Mecochirus Peyton, Pollicipes Hausmanna, 
and Scalpellum reticulatum all occur. The species of Glyphea are 
also in the Oxford Clay. 

Brrozos.—None known. 

Bracutoropa.—Four species of Rhynchonella, 3 Discine, 1 Lin- 
gula, and 2 species of TYerebratula, or 4 genera and 10 species, are 
all that are known in the Kimmeridge Clay. Individuals of the 
non-articulate forms Lingula and Discina are abundant. Discina 
Humphresiana and Lingula ovalis also occur in the Corallian series. 
The 4 thynchonellee are Rt. Sutherland, R. subvariabilis, R. encon- 
stans, and F. pinguis. The remainder are Terebratula Gesneri and 
qT. Joassi. 

LaMeELiiprancuHiata. Monomyaria.—l1 genera and 42 described 
species are known in the Kimmeridge Clay. Prof. Blake’s re- 
searches have added many new forms to the fauna of the British rocks, 
both in this group and the Dimyaria. No less than 23 species 
in this group are confined to the Kimmeridge beds. 6 pass to 
the Portland; they are Exoqyra nana, E. spiralis, Ostrea deltoidea ?, 
O. expansa, O. solitaria, and Perna mytiloides. The alliance below 
with the Corallian rocks is through 15 species, belonging to 7 
genera. 2 genera, Ostrea with 12 species, and Pecten with 10, are 
largely represented ; the remaining 9, except Avicula with 5 species, 
do not average two to each genus. 

Dimyaria.—26 genera and 58 species of this group occur in 
the Kimmeridge Clay. 36 of these 58 species are confined 
to this horizon. 12 species are common to it and the Corallian 
beds below; these passage or uniting species are Astarte ovata, Car- 
dium striatulum, Gonomya minuta, G. v-scripta, Homomya gracilis, 
Modiola bipartita, M. pallida, Myacites oblatus, Opis corallina, 
Pholadomya paucicosta, Thracia depressa, and Trigonia clavellata ; 
probably Mactra temussima is also a passage form. So far as we 
know, 7 genera and 10 species pass to the Portland beds. I deem 
it necessary to name the connecting species of the Kimmeridgian 
and Portlandian rocks; they are Gaeebinnn morincum, Modiola pal- 
lida, Nucula obliquata, Pholadomya rustica, Pleuromya aquistriata, 
Thracia depressa, Trigonia incurva, T. Manseli, T. muricata, and 
T. Pellati. , 
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GasTERoPpoDA.—The distinctiveness of the Gasteropod fauna in 
the Corallian beds is equally complete and definite; in the Kim- 
meridgian 23 species occur, and with two exceptions, Plewrotomaria 
reticulata and Turritella minuta, all are restricted. Pleuroto- 
maria reticulata occurs in the Corallian beds, and the Turritella 
passes to the Portland. This concise history of the Kimmeridge 
Gasteropoda, like that of the Corallian, has scarcely any parallel in 
any other member of the British strata. 8 of the 12 genera that 
occur have only one species in each; they are Alaria, Chemmizia, 
Dentalium, Neritopsis, Pleurotomaria, Pseudomelania, Rissoina, and 
Turritella. Cerithiuwm, the only genus at all largely represented, in- 
cludes 6 species, and Watica has 4. 

Many of the genera with only one known species each in the 
Kimmeridge Clay are extremely rich in species in their range 
through the Jurassic rocks. Thus Alaria possesses 39 species, 
but A. rasanensis is the only Kimmeridgian form; Chemnitza 
58 species—C. inflata is known only ; Nerttopsis, 14 known, but 
NV. delphinula is its only representative here ; Plewrotomaria num- 


bers no less than 110 species, 53 of which occur in the Inferior — 


Oolite, 16 in the Great Oolite, and 38 in the Lias, but P. reticulata 
is the only known Kimmeridgian form; Zssotna 11, chiefly Great 
Oolite—R. mossensis is the only one here; and Twrritella numbers 
17 species, 11 of them Lias, but only 7. minuta and TZ’. concava 
occur in the Upper Oolite, and the latter is a Portlandian spe- 
cies. Thus 6 of the above 8 genera so largely represented through 
the Jurassic rocks (and known in the Kimmeridge beds) with 
Dentalium and Pseudomelania, as before stated, exhibit only one spe- 
cies. Lcommend those genera, both of the Lamellibranchiata and 
the Gasteropoda, which have only one or two species in each, to the 
special attention of those studying the Jurassic rocks; they offer 
promising material for future research. 

CrrHALOPODA. -Ammonites.—31 species occur in, and 22 of these 
are strictly confined to, the Kimmeridgian strata. Of the re- 
maining 9 species only 4 pass to the Portlandian beds; they are 
Am. triplicatus, Am. triplex, Am. biplex, and Am. hector. 6 species 
oscillate between the Oxford Clay, Corallian, and Kimmeridgian 
horizons. The importance of the Ammonites, stratigraphically as well 
as zoologically, induces me to name those species that are essentially 
of this age; and as only 7 of the 11 Portlandian species are confined 
to that horizon, and all the Jurassic forms become extinct with 
the close of the Portland, this may be of importance. The 22 
Kimmeridge species are Am. accipitris, Am. autissiodorensis, Am. 
Benyert, Am. Beaugrandi, Am. calisto, Am. cecilia, Am. cymodoce, 
Am. decipiens, Am. eudoxus, Am. eumelus, Am..eupalus, Am, flexu- 
osus, Am. Kapffi, Am. Lallertanus, Am. mutabilis, Am. orthocera, Am. 
polyplocus, Am. pseudo-mutabilis, Am. rotundus, Am. superstes, Am. 
Thurmanni, and Am. yo. The genera Perisphinctes, Aspidoceras, 
Cosmoceras, &c. are represented amongst this series of Ammonites. 

NautiliicNone known. 

Belemnites.—8 species occur, and 7 of them are peculiar. 


| 
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Belemnites abbreviatus is the one species which allies the Kim- . 
meridge fauna with the Corallian and Oxfordian below. The Jurassic 
Dibranchiata die out with the close of the Kimmeridge. These last 
Jurassic Decapoda are Bel. contortus, Bel. ewcentricus, Bel. explanatus, 
Bel. laterahs, Bel. mitidus, Bel. Sowichit, and Bel. Troslyanus. No 
species is known in the Portland beds of Britain or France. 

Teuthidee.—Coccoteuthis latipinnis, Owen. This genus, com- 
bining some of the characters of the Sepia with those of Loligo, 
Sepioteuthis, &c., is extremely rare, and is only known in the Upper 
Kimmeridge beds. This family being rarely preserved in the Ju- 
rassic rocks, I have kept separate: only 4 genera and 5 species are 
known throughout the whole of the Jurassic period; they are G'eo- 
teuthis bollensis, from the Lower Lias, Beloteuthis Leckenbyt and 
B. subcostatus, Upper Lias, Acanthoteuthis antiquus, Oxford Clay, 
and the above Coccoteuthis latipimms, Kimmeridge. It is probable 
that in old collections and amongst the numerous remains of the 
Dibranchiata from the Oxford Clay of Christian Malford and Chip- 
penham other species may be found; individually they occur in large 
numbers. 

Pisces.—Kvery species in the Kimmeridge Clay is confined to it. 
There are 11 genera and 14 species. These 11 genera represent no 
less than 5 families; the Sauroidei, through Ditaxiodus and Thlatto- 
dus; the Cestraciontide, through Asteracanthus and Strophodus ; 
the Pycnodontide, through Gyrodus, Gyronchus, Pycnodus, and 
Spherodus; the Placoidei, through Hybodus and Sphenonchus; and 
the Coelacanthini, through Macropoma. 

Repriia.—The largest number of Reptilia, either in genera or 
species, known in the Secondary rocks of Britain occur in the Kim- 
meridge Clay. Six orders are represented, viz. the Chelonia, Croco- 
dilia, Ichthyopterygia, Sauropterygia, Pterosauria, and Dinosauria ; 
these 6 orders contain 17 genera and 45 species. 
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Of the above 45 species only 5 also occur in other horizons, or 40 
are confined to the Kimmeridge beds. The 5 are Ichthyosaurus 
dilatatus, I. thyreospondylus, Megalosaurus Bucklandi, Plesiosaurus 
plicatus, and P. trochanterius, all also occurring in the Oxford Clay, 
the only species in the intermediate Corallian being Megalosaurus 
Bucklandi; and this is the only genus of Reptilia uniting the 
Kimmeridge and Portland beds. The Reptilian fauna of the Port- 
landian stage is 5 genera and 6 species. This large Reptilian 
fauna of the Kimmeridge Clay suggests a numerical analysis of the 
class from the Lias to the Portland inclusive, to show the varia- 
bility of distribution both of the aquatic and terrestrial genera. 
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The above Table (XX XIX.) shows the genera and species in the 
7 orders of Reptilia and their range through the 13 divisions of 
the Jurassic rocks, also the total numbers of genera and species in 
each of the horizons, ranging from the Lower Lias to the Portland. 
Mamuarra.—None known. 
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Taste XL.— Analysis and Distribution of the Kimmeridge Clay 
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§ 13. Porrranpran. 


Prantz.—None known beyond fragments of wood. 

AmorpHo0z0A.—None known. 

Catenterata.—Isastrea oblonga is the only Portland species; 
it is also the only coral in the Calcareous rocks of Britain whose 
skeleton is now entirely siliceous. 

Ecutnopermata.—Lchinobrissus Brodici, Hemicidaris brillensis, 
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and H. Davidsoni are the only 3 species known in the Portlandian : 
beds. 

AnveEtIpa.—Serpula is the only genus known, and is represented. : 
by 4 species—S. gordialis, S. quinguangularis, S. triserrata, and | 
S. variabilis. The first-named 8 species are Portland only. S. 
varrabilis is also Kimmeridgian. 

CrustaceEA.—The Entomostraca only are represented, and these 
by Cythereis interrupta and C. Lonsdaletana. 

Bryozoa.—None known. | 

Bracuiopopa.—Three species of three genera, namely Waldheimia | 
bolonensis, Terebratula rev, and Rhynchonella, sp. 

The accompanying Table (XLI.) exhibits the numerical value 
and distribution of the whole of the Jurassic Brachiopoda and the 
total number of appearances of the species in each genus. 


Taste XLI.—The Numerical Distribution of the Jurassic 
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LameEcirerancuiata. Monomyaria.—9 genera and 19 species occur. 
12 of the 19 appear only in the Portlandian rocks, no species pass- 
ing to the Purbecks; the remaining 7 species come either from the 
Corallian or Kimmeridgian beds below, and 6 species actually connect 
the two formations; they are named in the analysis of the Kimme- 
ridge Monomyaria. 
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Dimyaria.—26 genera and 55 species occur, 42 of which are 
strictly Portlandian. 10 species come direct from the Kimmeridge 
Clay; they are named under the Kimmeridge analysis; the re- 
maining 3 are Corallian. As in the Monomyaria, no species pass 
above the Portland rocks. The genera Trigonia, Lucina, and Phola- 
domya play an important part in the Upper Jurassic rocks. 

GastERoPpopA.—As we have seen in the Oxford Clay, the Corallian 
beds, and the Kimmeridge Clay, so now in the Portland, the species 
all belong almost entirely to their own special horizons, T'wrritelle 
minuta being the only species said to be common to the Kimme- 
ridge and Portland out of the 10 genera and 19 species occurring. 

CEPHALOPODA. Ammonites.—11 species occur, and 7 are Portlan- 
dian only; they are Am. bolomensis, Am. giganteus, Am. gigas, Am. 
Gravesianus, Am. vreus, Am. pectinatus, Am. pseudo-gugas. 

The 4 species uniting the Kimmeridge and Portland beds are Am. 
triplex, Am. triplicatus, Am. hector, and Am. biplex ; all the species 
disappear with the close of the Upper Jurassic Period. The genus 
Perisphinctes is well represented among the Portland Ammonites. 

Nautili.—None known. 

Belemnites.—None known. 

Teuthide.—None known. 


Taste XLII.—Showing the Numerical and Stratigraphical Value 
of the whole of the Jurassic Mollusca. 


be 
: td || pak 
oO . . 5) mn 
a a#/B]e6ild S| ole eee 
Classes. EN es mE NO Wicca, 0 ae ih ee Mel Gece egal =o.) fet |) 
3 om a oO ic} | Gs ps! 2] = ae) oe 
577A 14 o/s a a> | Oo a ]-n | sg 
=| A a x) S) = 3S a 3 q 
a cs a ne) 4 ‘2 ~ 2 = 5S) ao q 3 
NS RI ead [am gat a= a SPS aa br 
Sle le (SiS) 2/3) Shs BLe LB |e 
=| ia 
SepassS | ete oe | elo | SM | O. foareamines 
. Ae lean teal) Ae a ee Bs 4 9 3 4 5 7 3 
Brachiopoda seeeseeee 36 14 417 90 14 26 10 19 1o 10 21 10 3 
. 16| We keve | tp 9 16 9 rea 5 fe 9 
Monomyaria ......... Wii j8o |eaa | roa tsi gorl a4! se lae | geo) ss i deo us 
i 
| ‘ : ae | 34 leas | 479 2a Iso} Lol sal 21 | 29 | 26 6 
PGIVATIA! 2.200470. Vee vodisey (adel er usel) oo. ee | se | aan legs! leno ee 
Ad slag erg) | 40 1 AG NGI ey Westy) Sty || ey |) oie iG 
Gasteropoda ......... 226|136| 55 |240| 1 |247| 43 | 268 | 19 | 17 | 67 | 23 | 19 
: 4 1 1 1 1 1 1 1 1 1 1 1 1 
Ammonites ......... 1731] 54 19 42 6 1 2 3 41 45 21 31 11 
a 1 1 1 1 1 1 1 1 
ata (osc ccaenens pest ae alte maa hoe : ; : y 
1 1 i 1 1 1 1 1 1 1 
| Belemnites............ ae a cet hoe cite pee dae ia ie es or 
; 
) Pewbhids. .s<d..6020>: - : 2 4 
109} 95 | 72 |116] 38 |108| 51 |-70 49 Beans 
Datallvcs wae 715|464|321/736| 89 |551{/118]204|160/161| 265/173) 107% 


VOL. XXXVIII, r 


I ti 


226 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 


Pisces.— Gyrodus Cuviert, Hybodus striatus, Ischyodus Egertoni, 
I. Townshend, and Pycnodus pagoda are the 4 genera and 5 species 
known. Gyrodus Cuviert also occurs in the Coral Rag. 

Reprit1a.— Cetcosaurus longus, Megalosaurus Bucklandi, Gonio- 
pholis sp., Plestosaurus carinatus, P. winspitensis, and Pliosaurus port- 
landicus are all the Reptilia known. Except Meg. Bucklandi all 
are strictly Portlandian. 


Taste XLIII.—Analysis and Distribution of the Portlandian Species. 
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The accompanying Table XLIV. shows at once the numerical 
value of the whole fauna and flora of the British Jurassic rocks ; the 
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Taste XLIV.—Showing the whole Fauna and Flora of the Jurassic Rocks in Britain. 
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total number of genera and species known in the several Classes is 
stated in the two left-hand columns, and all through the Table the 
numbers of genera and species are expressed in their respective hori- 
zons or formations, from the Lower Lias to the Portland Beds. 
Each individual square in the Table states the value of both genera 
and species expressed fractionally, the upper figures stating the 
number of genera in the Class, and the lower the number of species. 
These will be found to agree with the text all through my address 
when named. This Table is suggestive, and shows how much has 
been done in the Jurassic rocks and how much has still to be done 
to fill in the wanting genera and species. The right-hand column 
gives the number of occurrences or appearances of genera and 
species in the several Classes through time. This census of the 
Jurassic species, brought down to 1882, may form the basis of 
comparison at some future date when it is deemed of sufficient © 
interest (perhaps in another twenty years) to show the increase of 
the fauna and flora of the Lower Secondary Rocks of the British 
Islands. 


Taste XLV.—Showing the whole number of Genera and Species 
known in the Jurassic Rocks ; and also the whole occurrences 
and appearances of both the Genera and Species. 


(This Table and Table XLVI. are both compiled from the chief 
total results given in Table XLIV.) 


Known number of Occurrences of 
Classes. 
Genera. | Species. | Genera. Species. 

later) esi nace adele vs 63 191 79 191 
ATMO PHOZO2 0.2 h....s4ves 5 11 7 12 
Vg 0 23 100 55 182 
Weplenterata 4 -vs.2.sss6.oe- 38 175 70 189 
Echinodermata............ AT 216 127 250 
PATIVACTIOLE) + ..accccekesstsacec. 3 45 19 59 
QBUSHACE, Joke chit vin olameeicn 24 64 4] 75 
PEVOZOM socials «gies dep cas 19 51 38 66 
Brachiopoda..............- 16 275 89 370 
Monomyaria CNR eee a 25 444 161 659 
Dina Varta) 625s ss tt ees 70 924. 376 1235 
Gasteropoda ............+.- 76 1015 271 112] 
Ammonites .2..5.06<.000- 1 477 13 514 
Ancyloceras’.......2....... 1 1 3 3 
Aol) ar 1 21 8 26 
Belemnites 65.02 <jsecweose. 1 115 10 132 
TREUUMIEI Scaveceadbenee? < - 5 6 6 7 
PASCO eet cd icctededeede ete «4 61 219 94 218 


Whayitiialtas i sons so: Gece soe’ 4 6 4 6 


| Reptile ete hoc. 30 132 60 144 
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Taste XLV1.—Number of Genera and Species occurring in the whole 
of the Jurassic Rocks arranged stratigraphically, or from the 
Lower Lnas to the close of the Portland Oolite. 


s 8 

Formations. 2 = 

= “S55 

O mM 
UD Pera Bs eh epee en el a aA 226 1081 
IRENE TIS oui la. di ccanten toea ce 137 563 
Dipper Wisse: ess oak sol ee ahd 418 
Inferior OBES cscsiesiccsdacecesnd 213 1000 
es Bie inccesssanmncanncn 51 110 
EP DRTy MPGHII ee ene encase <se<neaee 229 820 
POGPORG WEAN sci teis sos vxeccsonces 65 136 
OGPERARIT EE ooaintss cadet waeeke cae 92 244 
Kellaways Rock s.:.0..3.0i.ssasss 52 168 
Oo Et, Ae ee ae ae 73 194 
Corals SG6 secaasion ck scm cianan cass 116 334 
Kimmeridge Clay ............s00+8 103 263 
Prien GG sav icc awssinsnx cone 63 128 
1531 5459 


§ 14. Tur Mopern Crasstrication or AMMONITES. 


The modern classification of the Ammonitide is by no means an 
easy one to elaborate after the long usage of the present nomencla- 
ture. Von Buch* attempted a better arrangement than had before 
appeared, based upon the definite ramifications and foliations of the 
suture or lobe-line, which is traceable beneath the shell or upon the 
mould, the characters of the lobes and saddles formed by them, 
the position and structure of the siphuncle, and the form of the 
spiral of the shell. Upon these elements he constructed his 21 
groups of the Ammonitide, which for years have been the foun- 
dation of all attempts at the classification of the Ammonites. D’Or- 
bigny, Quenstedt, and others enlarged upon the method of Von 
Buch. Professor Suess}, Dr. W. Waagent, Prof. Hyatt, of America §, 
M. E. Favre||, Prof. Neumayer 4, Dr. Mojsisovics **, Prof. Zittel, 
Dr. Laube, and others, however, have all carried out the views and 
classification of the Vienna school. The characters upon which the — 
genera are established are :—1st, the structure of the lobes and saddles ; 
2nd, the form of the aperture of the shell and the development of the 
mouth-border ; 3rd, the length of the body-chamber ; 4th, the amount 

* «Die Ammoniten in den alteren Gebirgs-Schichten,’ 1830. 

t “Ueber Ammoniten,” Erste Abth., Sitzungsber. der Math.-nat. Classe der 
Wiener Akad. 1865, Band li. Abth. 1. 

t “Ueber die Ansatzstelleder Haftmuskeln beim Nautilus und den Ammoni- 
den,” Paleeontographica, Band xvii. Abth. 5, p. 197 (1867-70). 

§ Bulletin of the Mus. of Comp. Anatomy, Harvard Coll., Cambridge, Mass., 
vol. i. no. 5 (1866). 

|| ‘Sur la Classif. des Ammonites,” Bull de la Soc. Géol. de France, 3° séries, 
tome 1 (1873). 

{| Zeitschrift der deutschen geologischen Gesellschaft, p. 854, Jahrgang 
1875; und Die Ammoniten der Kreise und die Systematik der Ammonitiden. 

** Das Gebirge um Hallstatt (Wien, 1875). 
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of involution of the whorls; 5th, the presence or absence of the aptychus, 
its form and structure. In all the Ammonitide the position of the 
siphuncle is invariably in the centre of the abdomen, and in the outer 
margin of the shell (back or keel of old authors) opposite to the 
columella or dorsal border. The spiral described by the growth of 
the shell was taken as the basis for the establishment of several 
genera by the older authors, Lamarck, Parkinson, von Hauer, 
D’Orbigny, Leveillé, &. No less than 16 genera have been thus 
characterized, but in conjunction with other characters it becomes 
subordinate. Prof. Neumayer (loc. cit.) proposed a classification 
grouped into the four families Arncestipm, Troritipm, LytoceratTipZ, 
and AiGocERATIDA. 

The family Arcestide includes the forms occurring abundantly in 
the Triassic strata of the eastern Alps and those in the Red Triassic 
Alpine Limestone at Hallstatt. Only one genus (Amaltheus) of this 
family occurs in Britain. The remaining 7 genera differ essentially 
from any known, either in the Jurassic or Cretaceous rocks. 

The members of the second family (Tropitids) are all Triassic, 
and do not occur in Britain. 

The Lytoceratide include many diverse groups, especially as 
regards their external form. The genera Hamites, Turrilites, 
Baculites, and Phylloceras belong here, all occur in Britain and in 
the Cretaceous rocks. Phylloceras is also Upper and Middle Lias. 

The Aigoceratide include many groups widely differing in general 
form and structure ; they may be naturally classed under 3 sections, 
which will be noticed hereafter. 


Fam. I. ARcESTIDz. 


Contains 8 genera:—1l. Arcestes; 2. Didymites; 3. Lobites; 4. 
Ptychites; 5. Pinacoceras; 6. Sageceras; 7. Amaltheus ; 8. Schleen- 
bachia. 

Of the above 8 genera Amaltheus is the only British genus. It 
has a very extensive range in time, as it occurs in the Trias, and 
is largely developed in the Jurassic rocks, commencing in the 
lias with Amal. Guibalianus, D’Orb., Amal. margaritatus, Brug., 
and Amal. spinatus, Sow. Many species also occur in the Creta- 
ceous rocks, such as Amal. Gervillianus, D’Orb., Amal. Vibrayeanus, 
D’Orb.; the well-known Amal. oxynotus, Am. Simpson, and Am. 
impendens are all Lower Lias. Amal. Oppeli is from the same 
horizon. 

Genus Schlenbachia.—Limited to the Cretaceous rocks; in 
Britain the old group Cristati contains the species. The typical 
form is Schlenbachia cristata. 

The genera Arcestes, Didymites, Lobites, Ptychites, Pinacoceras, 
and Sageceras possess no british species, and most of them are 
Triassic genera, 

Fam. IJ. Tropiripz. 


Contains 5 genera:—1. Tropites; 2. Trachyceras ; 3. Choristo- 
cenas; 4. Rhabdoceras; and 5. Cochloceras. 
None of these genera include British species, 
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Fam. III. Lyrocreratip2. 


Contains 5 genera, all of which are British, and as such I must 
notice them. 

The genera of the Lytoceratide differ greatly from each other in 
external form, but have close relations in their internal structure. 
The body-chamber is short (2 of whorl), with simple mouth-border, 
produced on the columellar side. 

This family includes the typical genera Lytoceras and Phylloceras, 
the former represented by L. fimbriatum, Sow., from the Middle 
and Upper Lias, and the latter by Phylloceras heterophyllum from 
the Upper Lias. The remaining 3 genera are Hamites, Turrilites, 
and Baculites, all Cretaceous, and differing essentially in external 
form. 

Lytoceras commences in the Trias with Lyt. Maloti and Lyt. patens. 
It is represented in the Lias by Lyt. fimbriatum, Sow., Lyt. cornu- 
copra, Lyt. gurense, Ziet., Lyt. lineatum, Schloth., Lyt. hircinum, 
Schloth., and Lyt. torulosum, and by Lyt. Hudesianum, D’Orb., in 
the Inferior Oolite. In the Lower Cretaceous rocks this genus is 
represented by Lyt. (Crioceras) Duvalianum and Lyt. subfimbriatum, 
D’Orb. 

Genus Hamites.—Prof. Neumayer does not believe that ‘ a spiral 
curve of a particular form gives sufficient warrant for the establish- 
ment of a distinct genus. Adopting this view, the 7 old and recognized 
genera (Anisoceras, Ancyloceras, Baculina, Hamulina, Helcoceras, 
Ptychoceras, and Towoceras), in which the curvature receives many 
modifications, and exists in some in more than one plane, are now 
suppressed, and the whole series reduced to the single genus Ha- 
mites, which is a conical straight shell (ex. H. elegans, D’Orb.) bent 
in one plane, the bends or curves not in contact. The suture-line 
is divided into six lobes, and the chief or under lateral lobe is divided 
into pairs of branches. 

Genus Turrilites.—Neumayer under this genus classes Helicoceras 
with an open spiral, not on one plane. In Ywurrilites the suture- 
line is divided into six lobes, each lobe possessing a single pair of 
digitations, and the mouth is simple and the shell sinistral. 

Genus Baculites.—Neumayer connects this genus with Lytoceras 
and Hamites by the structure of the principal lateral lobe. The 
septa are symmetrical, divided into four or six lobes, each having 
a pair of digitations (type B. anceps). 

Genus Phylloceras.—In this fine genus the body-chamber is 
short, and the mouth-border with lateral forwardly directed lappets. 
Lobes numerous, eight or nine on each side, very complicated. 
Phylloceras heterophyllum, Sow., from the Upper Lias, is the type. 
Neumayer distinguishes 4 groups in this genus; the following are 
his types :— 

. Phylloceras heterophyllum, Sow. 
. P. tatricum, Pusch. 

. P. Capitanei, Catullo. 

. P. ultramontanum, Zittel. 


H CORD 
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Phylloceras commences in the Trias ; but no British Triassic species 
is known. P. Loscombi, Sow., occurs in the British Middle Lias ; 
and P. heterophyllum, Sow., and P. subcarinatum, Young, in the 
Upper Lias. In the Cretaceous rocks the only British forms are 
P. Vellede and P. lewesiense. 


Fam. LV. AX@ocERATIDZA. 


Includes several groups having widely different forms. 
This family is divided into 3 subfamilies :— 


Subfam. 1. goceratites. 
2 genera: Arietites and Afgoceras. 


Subfam. 2. Harpoceratites. 
3 genera: Harpoceras, Oppelia, and Haploceras. 


Subfam. 3. Stephanoceratites. 


15 genera: Stephanoceras, Cosmoceras, Ancyloceras, Baculina, 
Simoceras, Perisphinctes, Oleostephanus, Scaphites, Hoplites, Acan- 
thoceras, Stoliczkaia, Crioceras, Heteroceras, Peltoceras, and Aspido- 
ceras. 

Subfam. 1. goceratites. 


Genus Agoceras, a large and important genus in the British rocks, 
especially in the Lower and Middle Lias. dgoceras may be divided 
into 4 sections based upon the structure of the shell. — 


Section 1. Pszlonote. 
» 2 Angulate. 
» oo Armate. 
» 4 LInvoluti. 


Sect. 1. Psilonoti.—Hssentially Lower Lias and in the lowest 
zone (Planorbis). 

In all the species of this section the keel is absent, and there are 
no lateral longitudinal channels in the siphonal or ventral area. The 
lobe-line is much ramified, and the lobes are complicated. The species 
are the well-known forms jg. planorbis, Sow., iy. Johnstoni, 
Sow., dig. torus, D’Orb., 4g. intermedium, Portl., Aig. Belcheri, 
Simp., and Ay. lassicum, D’Orb. These forms all occur in the 
zone of 47q. planorbis, at the extreme base of the Lias. They range 
through Britain wherever these lowest beds are observed. 

Sect. 2. AngulatiimThis is an extremely well-defined section. 
The sharply flexed ribs and deep channel on the ventral area distin- 
guish the species of Zgoceras belonging to this section. The chief 
species are 4g. angulatum, dig. Charmasser, and Alq. catenatum, 
all of which occur in the zone of Ag. angulatum. dig. lacunatum 
and Aig. Boucaultianum, D’Orb., with Ag. Birchi, are from the 
succeeding or higher zone of Arietites Bucklandi, the whole being 
Lower Lias and British. 
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Sect. 3. Armati.—An important section in Britain and Germany. 
The ribs on the sides of the shell develop tubercles or long spines 
in many species. This section is almost entirely Middle Lias, but 
“hig. Birch and Avg. planicosta characterize the zone of Arietites 
Buckland in the Lower Lias, whereas Aig. Daver, Ay. armatum, 
Lig. Taylori, Aig. densinodus, Aig. brevispinum, Alg. Valdani, and 
Lig. Maugenesti are all British Middle-Lias species, and from the 
zone of Aig. Jamesoni, Sow. 

Sect. 4. Involuti.—The shell in this section of Aiyoceras is highly 
involute; the inner whorls are almost entirely concealed in some 
forms; in others the umbilicus is much wider, through the in- 
volutions being less. The zone of Ag. Henleyt yields the fol- 
lowing species :— Ag. striatum, Ag. Becher, Ag. pettos, and Aig. 
heterogenes, Y. & B. The species are essentially Middle Lias and 
British, The first appearance of this section is in the Muschelkalk ; 
it became extinct in the Middle Lias. 

Genus Arietites (the group “Arietes” of Von Buch, highly 
characteristic of the Lower Lias, and in which we know of at least 
20 species).— Waagen established this genus (Arvetites) for those 
species having a wide and open umbilicus, the sides of the shell also 
possessing straight simple ribs, which often bear tubercles near the 
ventral angle, asin A. rotiformis. The keel is large and promi- 
nent, having on each side a deep lateral channel or groove. The 
following 20 important species belong to the genus Arvetites :— 


Arietites Bucklandi, Sow. Arietites rotiformis, Sow. 
Bodleyi, Buckm. Sauzeanus, D’ Orb. 
— Bonnardi, D’ Orb. stellaris, Sow. 
Crossii, Wright. Scipionianus, D’ Ord. 
—— obtusus, Sow. impendens, Y. § B. 
semicostatus, Simp. —— Conybeari, Sow. 
bisulcatus, Brug. Brookii, Sow. 

-—— raricostatus, Z7ez. Turneri, Sow. 

— multicostatus, Sow. obesulus, Blake. 
— Collenoti, D’ Orb. —— Nodotianus, D’ Orb. 


No genus of Ammonites in the British rocks is more important 
stratigraphically. None of the species pass the horizon of the Lower 
Lias ; and they essentially characterize its lower members. 12 of 
the 20 species occur in the cliff-section at Lyme Regis; few sections 
are opened in the Lower Lias in which they are not met with. 


Subfam. 2. Harpoceratites. 


Genus Harpoceras.—This is in part equivalent to the group 
Falcifert of Von Buch, which in Britain attains its highest de- 
velopment in the Upper Lias, equalling in stratigraphical im- 
portance the genus Arietites in the Lower Lias. Harpoceras first 
appears in the Middle Lias with Agoceras Jameson in 3 well- 
determined species—H. impendens, H. Normanianum, and H. arie- 
tiforme. The two first-named are British species. Harpoceras 
occurs also in the Middle and Lower Jurassic rocks, associated with 
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““Pterocera ocean.” At least 20 species of Harpoceras occur in the 
Upper Lias of Britain, and 4 in the Inferior Oolite. Harpoceras 
cannot be mistaken for any other genus; the ventral area is always 
keeled; the sides of the shell ornamented with fale:form ribs; mouth- 
border sickle-shaped, with lateral auricles or expansions, and a long 
pointed rostrum-lke ventral PEOceRS. Many other characters I 
cannot here describe. 
The Upper-Lias species of Harpoceras are :— 


Harpoceras falciferum. | Harpoceras insigne. 
serpentinum. radians. 
bifrons. striatulum. 

—— lythense. concavum. 
variabile. aalense. 
ovatum. -—— thouarsense. 
Levisoni. primordiale. 
Beanii. subconcayum. 
elegans. exaratum. 

—— opalinum. 


The Harpocerata from the Inferior Oolite are :— 


Harpoceras Murchisone. Harpoceras Sowerbyii. 
Tessonianum. Edwardianum. 


Genus Oppelia, Waagen.—A rare genus in the British Islands, 
which first occurs in the Inferior Oolite. In India many species have 
been described by Dr. Waagen. The ‘Golden Oolite” of Keera 
Hill, Kutch, and other higher strata have yielded a rich harvest of 
species of Oppelia. The most characteristic British forms are O. 
subradiata, Sow., and O. discus, Sow.; the latter is a Cornbrash 
species. Oppelia has a wide stratigraphical range, from the lower 
to the uppermost stages of the Jurassic series ; it is also Neocomian 
and Upper Cretaceous. 

Genus Haploceras, Zittel—Separated from Oppelia by marked 
characters : well-defined lines of growth and narrow umbilicus, no 
bifurcation of ribs, no keel or channel in the siphonal area, with 
peculiar conditions of the lobes, serve to distinguish this genus. 
The group Ligate, D’Orb., in part belongs here. The Inferior-Oolite 
forms Hapl. ooliticum, D’Orb., and Hapl. ligatum, D’Orb., are 
examples of the species. 


Subfam. 3. Stephanoceratites. 


Genus Stephanoceras.—The species of this large genus are essen- 
tially Lower Jurassic. They commence in the Upper Lias with 
S. commune, S. annulatum, S. crassum, S. Holandrei, S. fibula- 
tum, &c. The base of the Inferior Oolite teems with individuals ; 
and both in France and England the zone of S. Humphriesianum is 
the home for numerous forms. The species in Von Buch’s groups 
xviii. (the Planulati), xix. (the Coronarw), and xx. (the Macroce- 
phali) have been partly absorbed recently into the genus Ste- 
phanoceras. This is at once manifest from the following list of 
species :— 

VOL, XXXVIII. s 


— OEE eee 
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Stephanoceras Blagdeni. Stephanoceras Deslongchampsii. 
Braikenridgii. —— Gervillii. 

— Brocchii. —— Humpbhriesianum. 
coronatum. Sauzei. 

—— Brongniarti. Banksii. 


The globose form of Stephanoceras macrocephalum represents a 
distinct group, characterized by the smallness of the umbilicus, ex- 
treme involution of the shell, and long siphonal lobe. Steph. 
modiolare possesses the same lobal conditions. This group of the 
Stephanocerata is not specifically rich in the European rocks, and 
occupies a limited horizon in time. In England and Germany the 
above group commences in the Cornbrash, and occurs in the Kella- 
ways Rock and Oxford Clay. Dr. Waagen, in the “ Jurassic Cepha- 
lopoda ” (Paleeontologia Indica), has figured and described 23 species 
of Stephanoceras from the “ Kacch Jura;” of these, the species 
identical with European forms occupy also in Kacch, as in Europe, 
the true “ Macrocephalus-beds.”’ The group of the Macrocephali is 
one of the most important among all the Jurassic Ammonites, for 
nearly-allied forms have been found over the whole world. 

Genus Cosmoceras.—Von Buch’s group x. (the Ornati) is absorbed 
by Cosmoceras. This genus first appears in the upper beds of the 
Inferior Oolite, where the species Cosm. Parkinsona and Cosm. 
Garantianwm abound; they are well characterized by the smooth 
channel in the middle of the ventral side, which interrupts the 
passing of the ribs across the siphonal area. In the Kellaways and 
Oxford Clay Cosmoceras calloviense, C. Duncanit, C. Keng, C. 
Gowertanum, and C. jason abound. The highly ornamented shells 
and other constant characters well deserved the name applied to the 
group by Von Buch. The genus ranges into the Chalk under the 
form of Cosm. verrucosum, D’Orb. 

Genus Ancyloceras, D’Orb.—Spirally rolled on the same plane, 
the “‘ whorls all disjointed and separate,” the last projected in a 
horizontal direction, then turning upwards and inwards, opposed or 
opposite to the spiral coil; the septa are transverse, symmetrical, 
and 6-lobed, unequal in size, and composed of ramified elongated 
digitations. The earliest form known is Ancyloceras annulatum, 
from the Lower Jurassic beds of England and France; with it, in 
the Inferior Oolite of Germany, occurs Ancyl. baculatum. The 
Kellaways Rock yields one, Ancyl. calloviense. Ancyloceras attains 
its greatest development in the Lower Cretaceous rocks (Neocomian), 
the two chief forms being Ancyl. Matheronianum and Ancyl. Puzo- 
sianum. Ancyl. gigas, Hillsii, grande, and Matheroniamum are 
British Cretaceous species. 

Genus Perisphinctes, Waagen.—The singular Ammonite P. Mar- 
tunstz, D’Orb., from the Inferior Oolite of England and France, is 
the only example we have. Dr. Waagen enumerates nearly 60 
species from the Kacch Jura (Cutch). ‘‘These can be distributed 
into 6 large sections, comprising several groups that find their equi- 
valents in the Middle and Upper Jurassic rocks of Europe, between 


ANNIVERSARY ADDRESS OF THE PRESIDENT. | 235 


the Kellaway, Oxford, Corallian, Kimmeridgian, and Portlandian 
stages.” 

Genus Scaphites, Park.—This genus, like <Ancyloceras, needs 
little notice here. All the species are Cretaceous. 

Genus Hoplites, Neum.—The highly ornamented shells of this 
genus form conspicuous groups in the Cretaceous rocks, of which 
they are characteristic. The old groups Tuberculati and Dentate 
partly fall into the genus Hoplites. The “ Dentati interrupti” 
would receive certain forms of Hop. interruptus and Hop. splendens, 
Hop. falcatus being one of the known “Zuberculati.” The Gault, 
Upper Greensand, and Lower Chalk contain the genus Hoplites. 

Genus Acanthoceras, Neumayer.—Neumayer instituted this new 
group to receive certain species once included in the genus Hoplites. 
In the old classification many were placed by D’Orbigny in his group 
vii. (Rhotomagenses), and by Pictet in group ix. (Dentati, Von Buch). 
The siphonal area varies considerably ; in some the median line is 
channelled and with rows of tubercles on the border, thus inter- 
rupting the ribs from crossing the ventral margin, or the tubercles 


are arranged in rows, or pass along the median line in a kind of 


knotted keel. This short diagnosis will suggest A. mammillare, A. 
rhotomagense, A. sussexense, and A. Mantelli under the old classifi- 
cation, groups vil. and ix. All the species are Cretaceous. 


Acanthoceras Mantelli. \ 

rhotomagense. | 

sussexense. \ British species. 
— Woolgari. 

—— mammillare. ) 

Brottianum. 

—— Deverianum. | ret species. 
—— Martinsii. 


Genus Stoliczkaca.—All are Indian species in this genus. Neu- 
mayer established this group to receive some remarkable Ammonites 
figured in Stoliczka’s great work ‘‘ On the Ammonitide of the Chalk 
Rocks of Southern India” [vide this work for the types of the 
genus |. 

: the genera Crioceras, Leveillé, Toxoceras, D’Orb., and Heteroceras, 
D’Orb., need only be mentioned; they have no special value in the 
modern nomenclature of the Ammonitide. 

Genus Aspidoceras, Zittel—YVon Buch’s group xii. (Armati) 
embraces the species of Aspidoceras. The chief species are Asp. 
longispinum, from the Kimmeridge and Oxford Clays, Asp. per- 
armatum, Oxfordian and Corallian; this last species is the type of a 
large section. D’Orbigny’s type for the Perarmati is Asp. altenense, 
a Corallian form. 

Genus Peltoceras, Waagen.—In England the genus Peéltoceras is 
confined to the Oxfordian stage, and only 2 species represent it— 
P. athleta, Phill., and P. Williamson, Phill. 

Genus Simoceras, Zitt.—Reinecke’s species, S.. anceps, is a British 
species ranging through the Oxfordian stage ; it is possibly the Am. 
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(Sim.) coronatus of Schlotheim, and the Am. dubius of Zieten. It 
would have taken up so much space to have described at any length 
the foregoing genera of the Ammonitide that all save necessary 
matter is omitted. This subject alone is so large a one, and its 
bearing upon stratigraphical geology so important, that I deemed it 
right to notice it, but at the same time to reduce the matter to its 
smallest limits. The most important résumé of the modern classi- 
fication is given in vol. xxxili.of the Memoirs of the Palzonto- 
graphical Society by Dr. Wright, F.R.S.; he has embodied the 
researches of Suess, Neumayer, Waagen, Hyatt, Mojsisovics, 
D’Orbigny, &c. Itis the only English digest we have upon the 
modern classification of this division of the Cephalopoda, and 
which gives us the views of continental paleontologists. Messrs. 
Tate and Blake, in their work on the Yorkshire Lias, have ably 
treated of the Ammonitide of that formation. 
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February 22, 1882. 
J. W. Hurxs, Esq., F.R.S., President, in the Chair. 


Richard Kerr, Esq., 19 Copt Hall Place, Folkestone ; Baron Ferd. 
von Miller, K.C.M.G., M.D., Ph.D., F.R.S., Director of the Botanic 
Gardens, Melbourne; William Whitehead Watts, Esq., B.A., Broseley, 
Shropshire; and Joseph Wilkinson, Esq., F.R.G.S., Coney Street, 
York, were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. “ Additional Discoveries of High-level Marine Drifts in North 
Wales, with Remarks on Driftless Areas.” By D. Mackintosh, Esq., 
F.G.S. 


2. «‘On some Sections of Lincolnshire Neocomian.” By H. Keeping, 
Esq., of the Woodwardian Museum, Cambridge. Communicated by 
W. Keeping, Esq., M.A., F.G.S. 


3. “ Notes on the Geology of the Cheviot Hills (English side).” 
By C. T. Clough, Esq., M.A., F.G.S. 


The following specimens were exhibited :--~ 


Rock-specimens and sections exhibited by Mr. Clough, in illus- 
tration of his paper. . 

Specimens from the Woodwardian Museum, Cambridge, exhibited. 
by E. B. Tawney, Esq., in illustration of Mr. Keeping’s paper. 


March 8, 1882. 
J. W. Horxs, Esq., F.R.S., President, in the Chair. 


George Clementson Greenwell, Esq., Jun., Poynton, near Stock- 
port, and John Baldry Redman, Ksq., M.Inst.C.E., 6 Queen Anne’s 
Gate, Westminster, S.W., were elected Fellows of the Society. 


The List of Donations to the Library was read. 
The following communications were read :— 
1. “ Additional Note on certain Inclusions in Granite.” By 


J. Arthur Phillips, Esq., F.R.S., F.G.S. 
VOL. XXXVIII. t 
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2. “The Geology of Madeira.” By J. S. Gardner, Esq., F.G.S. 


3. “On the Crag Shells of Aberdeenshire and the Gravel Beds 
containing them.” By Thomas F. Jamieson, Esq., F.G.S. 


4. “On the Red Clay of the Aberdeenshire coast, and the direc- 
tion of Ice-movement in that quarter.” By Thomas F. Jamieson, 
Ksq., F.G.S. 


Specimens were exhibited by J. Arthur Phillips, Esq., and by 
J. Starkie Gardner, Esq., in illustration of their papers. 


March 22, 1882. 
J. W. Hurxs, Esq., F.R.S., President, in the Chair. 


William Brown, Esq., 28 Holland Road, Kensington, W.; George 
Thomas Parnell, Esq., Montague House, Enfield, and 22 Charing 
Cross, 8.W.; and Edwin Alfred Walford, Esq., West Bar Street, 
Banbury, were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. “On a Fossil Species of Camptoceras, a Freshwater Mollusk, 
from the Eocene of Sheerness.” By Lt.-Colonel H. H. Godwin- 
Austen, F.R.S., F.G.S. 


2. “Note on the Os Pubis and Ischium of Orinithopsis eucamerotus 
(synonyms—Lucamerotus, Hulke ; Bothriospondylus (in part), R. 
Owen; Chondrosteosaurus, R. Owen).” By J. W. Hulke, Esq., 
F.R.S., Pres.G.8. ? 


3. “On WNeusticosawrus pusillus (Fraas), an Amphibious Reptile 
having Affinities with the Terrestrial Nothosauria and with the 
Marine Plesiosauria.” By Prof. H. G. Seeley, F.R.S., F.G.S. 


Specimens were exhibited by Lieut.-Colonel Godwin-Austen in 
illustration of his paper. 
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April 5, 1882. 
J. W. Hourxs, Esq., F.R.S., President, in the Chair. 


W. J. H. Mylne, Esq., C.E., 2 Middle Scotland Yard, 8.W., was 
elected a Fellow, and M. Alphonse Milne- Edwards, of Paris, a 
Foreign Correspondent of the Society. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. “Geological Age of the Taconic System.” By Prof. J. D. 
Dana, F.M.G.S. 


2. “On some Nodular Felsites in the Bala Group of North 
Wales.” By Prof. T. G. Bonney, M.A., F.R.S., Sec.G.S. 


3. “On the Cambrian (Sedgw.) and Silurian Rocks of Scandi- 
nayia.” By J. E. Marr, Esq., B.A., F.G.S. 


Rock-specimens and sections were exhibited by Prof. Bonney in 
illustration of his paper. 


April 16, 1882. 
J. W. Hore, Esq., F.R.S., President, in the Chair. 


The PresrpEnt remarked that it would argue a degree of in- 
difference with which the Society could not be charged, if the 
Meeting were to proceed to the transaction of the ordinary business 
without some reference to the sad loss sustained by the whole 
scientific world within the last few days in the death of the 
illustrious naturalist whose remains had been consigned that 
morning to their last resting-place at Westminster. He added that 
the spectacle presented by the vast assemblage of people who came 
together to witness the obsequies of Mr. Darwin was of the most 
soul-stirring kind, and constituted the grandest conceivable testimony 
of respect for the memory of the distinguished philosopher who had 
just passed from among us. 


S. 8. Buckman, Hsq., Bradford Abbas, Sherborne, Dorset; Hugh 
Salvin Holme, Esq., M.A., 7 Church Street, Caermarthen ; Collet 
Homersham, Esq., M.Inst.C.H., 19 Buckingham Street, Adelphi, 
W.C.; and Joseph B. Tyrrell, Esq., Geological Survey of Canada, 
Ottawa, Canada, were elected Fellows of the Society. 

t2 
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The List of Donations to the Library was read. 


The following communications were read :— 
1. “On Fossil Chilostomatous Bryozoa from Mount Gambier, 
South Australia.” By Arthur W. Waters, Esq., F.L.S., F.G.S. 


2. “ Thamniscus: Permian, Carboniferous, and Silurian.” By 
George W. Shrubsole, Esq., F.G.S. 


3. “On the Occurrence of a new Species of Phyllopora in the 
Permian Limestones.” By George W. Shrubsole, Esq., F.G.S. 


4. “On the Relations of the Eocene and Oligocene Strata in the 
Hampshire Basin.” By Prof. John W. Judd, F.R.S., Sec.G.8. 


May 10, 1882. 
J. W. Horxs, Esq., F.R.S., President, in the Chair. 


Arthur Leech, Esq., Arlington House, Newcastle, Staffordshire, 
was elected a Fellow, and Professor L. Riutimeyer a - Foreign 
Member of the Society. 


The List of Donations to the Library was read. 
The following communications were read :— 


1. “On the Relations of Hybocrinus, Baerocrinus; and Hybo- 
cystites.” By P. Herbert Carpenter, Esq., M.A. Communicated by 
Prof. P. Martin Duncan, M.B., F.R.S., V.P.G.S8. 


2. “On the Madreporaria of the Inferior Oolite of the Neigh- 
bourhood of Cheltenham and Gloucester.” By R. F. Tomes, Esq., 
F.G.S. % 


3. “On the Exploration of two Caves in the Neighbourhood of 
Tenby.” By Ernest L. Jones, Esq. Communicated by Prof. W. 
Boyd Dawkins, F.RS., F.G.S. 


4. “Note on the Comparative Specific Gravities of Molten and 
Solidified Vesuvian Lavas.” By H. J. Johnston-Lavis, Esq., F.G.S. 
[ Abstract. ] 


From some experiments made on Vesuvian lava, Prof. Palmieri 
in 1875 expressed the opinion that its specific gravity, when molten, 
might be as high as 5-0, though when cooled it is only 2°7. The 
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author described the results of experiments made in December 1881 
on some lava flowing across the Atrio del Cavallo. Favourable cir- 
cumstances enabled him to gain a position above a perfectly molten 
stream, the surface of which was protected from radiation by the 
heated walls of a tunnel which the lava had already formed by 
cooling of the crust. On to this were dropped, from a height of 
14 yard :—(a) light scoria; this floated on the surface until lost to 
view (the stream could be watched for 150 yards or so): (6) fairly 
solid lava, with some vesicular cavities; this slowly sank, until 
after some distance it disappeared ; (c) the most compact lava that 
could be found, in which, however, were a few small cavities; this 
sank rapidly, the molten rock welling up round it. The author 
considered that these experiments demonstrate that the cooled lava 
is more dense than the molten, and that the apparently contra- 
dictory results obtained by Prof. Palmieri were due to the fact that 
the suriace of the stream, by loss of heat, had become viscid, so 
that the solid material floated, though of greater density. The 
author concluded by citing other confirmatory evidence of his view. 


The following specimens were exhibited :— 


Specimens of Corals from the Inferior Oolite, exhibited by 
R. F. Tomes, Esq., in illustration of his paper. 

Specimens of Crinoids, exhibited by P. H. Carpenter, Esq., in 
illustration of his paper. 

Antlers of Cervus &c., exhibited by John Gunn, Esq. 

The original of Hybodus Becht, Charlesworth, a specimen of the 
rare fish Macropoma Mantelli, and various other fossils, exhibited 
by E. Charlesworth, Esq. 


May 24, 1882. 
J. W. Huts, Esq., F.R.S., President, in the Chair 
The List of Donations to the Library was read. 


Four models were presented by Dr. Reyer, illustrating his me- 
moirs on the Karst, Predazzo, &c. 


The following communications were read :— 
1. “On the Geology of Costa Rica.” By George Attwood, Ksq., 


F.G.S., F.C.S., Assoc. Memb. Inst.C.E.; with an Appendix by W. 
H. Hudleston, Esq., M.A., F.G.S., F.C.S. 
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2. “On a remarkable Dinosaurian Coracoid from the Wealden of 
Brook, in the Isle of Wight, preserved in the Woodwardian Museum 
of the "University of Cambridge, probably referable to Ornithopsis. i 
By Prof. H. G. Seeley, F.R.S., F.LS., F.G.8., &. 


3. ‘On the Newer Pliocene Period in England.” By 8. V. Wood, 
Ksq., F.G.S. (Concluding Part.) 


The following specimens were exhibited :— 


Specimens of rocks and microscopic sections, exhibited by G. 
Attwood, Esq., in illustration of his paper. 

A Dinosaurian Coracoid, exhibited by Prof. T. M°K. Hughes in 
illustration of Prof. Seeley’s paper. | 


June 7, 1882. 


J. W. Hourxr, Esq., F.R.S., President, in the Chair. 


Alfred Morris, Esq., C.E., Atheneum Club, Sydney, N.S.W., and 
William Henry Watson, Esq., F.C.S., The Folds, Bolton-le-Moors, 
were elected Fellows of the Society. 


The List of Donations to the Library was read. 


A specimen of Platax altissimus from the Eocene Tertiary of 
Monte Bolca was presented to the Museum by Lieut.-Gen. Randolph. 


The following names of Fellows of the Society were read out for 
the first time in conformity with the Bye-Laws (Sect. VI. B, Art. 6), 
in consequence of the non-payment of the arrears of their contribu- 
tions :—James Duigan, Esq., E. G. Dyke, Esq., Joseph Lucas, Esq., 
M. F. Maury, Esq., H. G. Vennor, Esq., Ezekiel Williamson, Esq. 


The following communications were read :— 


1. The President read the following note, forwarded by Don 
Manuel F. de Castro, Director of the Geological Survey of Spain :— 
“Qn the Discovery of Triassic Fossils in the Sierra de Gador, 
Province of Almeria, Spain.” 

“¢ The metalliferous limestone of the Sierra de Gador, owing to no 
fossil remains having been found prior to this occasion, has been a 
perfect puzzle to all geologists for the last fifty years. 

“* MM. Maestre, Amar de la Torre, Pernolet, Ansted, and Cooke 
considered these limestones to belong to the Transition series, the 
former taking them as representatives of the Mountain Limestones of 
other parts of Europe. M. Prado hinted that they might be De- 
vonian ; whilst M. Willkkomm, in the geological map published to 
accompany his botanical researches in Spain, considered them Silu- 
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rian. Lately MM. Botella and Vilanova, in their respective maps, 
haye marked them as belonging to the Permian series; whilst M. 
de Verneuil, coming nearer to the truth, took the whole of the lime- 
stones to the south of Granada and the Sierra de Gador as Triassic, 
though in doubt (‘‘ Trias incertain ”). 

‘“‘ Under these circumstances, | was commissioned by the Director 
of the Geological Survey of Spain to investigate the S.W. portion of 
the Province of Almeria, which comprises the Sierra de Gador. In 
February last I had the good fortune of discovering abundant fossil 
remains in different parts of the Sierra de Gador, which perfectly 
fix the age of the metalliferous limestones of this part of Spain. 

“‘The whole series of rocks forming this sverra, resting on the 
mica-schists and slates of the Sierra Nevada, is a succession of black, 
white, and purple talcose schists at the base, which alternate with 
some beds of yellowish and porous limestone, and which pass 
through a considerable thickness of grey limestones and slates, and, 
precisely where the fossils have been found, to the metalliferous 
limestone of Sierra de Gador, which appears to form the top of this 
interesting formation. 

‘The fossils found belong to the following genera :—Myophoria 
(M. laevigata and M. Goldfussi), Hinnites, Monotis, Avicula (A. 
Bronn), Myacites, Rissoa, and many others difficult to determine. 

“‘ The places where the fossils have been found are the following :— 
on the southern slopes of the Sierra de Gador, in the Rambla del 
Caiiuelo ; midway on the road from Felix to Marchal; and in the 
place named La Solana del Fondon, to the left of the river Andarax, 
following the track between the mine Sebastopol and the town of 
El Fondon. 

*‘ Joaquin GonzaLo y XAVIER.” 


2. “The Girvan Succession.—Part I. Stratigraphical.” By 
Charles Lapworth, Esq., F.G.S., Professor of Geology in the Mason 
Science College, Birmingham. 


3. ** Notes on the Annelida tubicola of the Wenlock Shales, from 
the Washings of Mr. George Maw, F.G.S.” By George Robert 
Vine, Esq. Communicated by Prof. P. Martin Duncan, M.B., 
Lats ie abl GSB 


4. “ Description of part of the Femur of Nototheriwm Mitchelli.” 
By Prof. Owen, C.B., F.R.S., F.G.S., &c. 


5. “On Helicopora latispiralis, a new Spiral Fenestellid from 
the Upper Silurian Beds of Ohio, U.S.” By E. W. Claypole, Esq., 
B.A., B.Sc. (Lond.), F.G.S. 


The following were exhibited :— 


Specimens exhibited by G. R. Vine, Esq., in illustration of his 


paper. 
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An old manuscript, in Spanish, relating to Assaying of Gold and 
Silver and valuation of Gems; and a manuscript ‘ Doctrina cris- 
tiania’ in Quiché, originally obtained from one of the Jesuit fathers, 
and representing a language contemporary with the Aztec of 
Central America, exhibited by G. Attwood, Esq. 


June 21, 1882. 
J. W. Hotxg, Esq., F.R.S., President, in the Chair. 


Robert Bruce Napoleon Walker, Esq., J.P., 146 Cambridge Street, 
S.W., was elected a Fellow of the Society. 


The List of Donations to the Library was read. 


The following names of Fellows of the Society were read out for 
the second time in conformity with the Bye-Laws (Sect. VI. B, Art. 6), 
in consequence of the non-payment of the arrears of their contribu- 
tions :—James Duigan, Esq., KE. G. Dyke, Esq., Joseph Lucas, Esq., 
M. F. Maury, Esq., Ezekiel Williamson, Esq. 


The Prestprnr announced that he had received the following 
letter from Professor Daubrée, F.M.G.S. :— 


‘** Londres, le 17 Juin, 1882. 


“ MonsI£UR LE PRESIDENT, 

‘¢ Depuis que la Societé Géologique de Londres m’a fait 

le grand honneur de me décerner la médaille de Wollaston, j’avais 

le désir de venir personnellement lui exprimer ma vive reconnais- 

sance, et ves jours-ci, en quittant Paris, j’avais l’espoir d’assister 
la séance de Mercredi 21. 

‘‘ Malheureusement, je me trouve obligé de rentrer sans retard, 
par suite de devoirs professionnels a remplir. 

« C’est aussi un vif regret que je manque de si peu de jours le 
plaisir de me réunir 4 mes collégues de la Société Géologique de 
Londres. 

“Veuillez me permettre, Monsieur le Président, de vous prier 
d’étre auprés d’eux l’interpréte de mes sentiments. Ce sera un dé- 
dommagement pour moi. 

‘“‘ Veuillez agréer aussi, Monsieur le Président, expression de la 
considération la plus distinguée de votre trcés dévoué confrere, 


‘6A, DAUBREE.” 
* MonsrruR HUvLxg, 


** Président de la Société Géologique 
de Londres, §¢. Fc. Fe.” 
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The following communications were read :— 
to) j 


1. “On Thecospondylus Horneri, a new Dinosaur from the 
Hastings Sand, indicated by the Sacrum and the Neural Canal of 
the Sacral Region.” By Prof. H. G. Seeley, F.R.S., F.G.S. 


2. «On the Dorsal Region of the Vertebral Column of a new 
Dinosaur, indicating a new genus, Sphenospondylus, from the 
Wealden of Brook, in the Isle of Wight, preserved in the Wood- 
wardian Museum of the University of Cambridge.” By Prof. H. G. 
Seeley, F.R.S., F.G.S. 


3. “On Organic Remains from the Upper Permian Strata of 
Kargalinsk in Hastern Russia.” By W. H. Twelvetrees, Esq., 


4. “The Rhetics of Nottinghamshire.” By E. Wilson, Esq., 
F.G.S. 


5. ‘On the Silurian and Cambrian Strata of the Baltic provinces 
of Russia, as compared with those of Scandinavia and the British 
Islands.” By Dr. F. Schmidt. Communicated by Dr. H. Woodward, 
2S, EGS. 


6. “On Chilostomatous Bryozoa from Bairnsdale (Gippsland).” 
By A. W. Waters. Esq., F.G.S. 


7. “The Silurian Species of Glauconome, and a suggested Classi- 
fication of the Paleozoic Polyzoa.” By G. W. Shrubsole, Esq., 
F.G.8:, and G. R. Vine, Esq. 


[ Abstract. | 


The authors discussed the history of our knowledge of the genus 
Glauconome, and especially of the Silurian species. They then 
characterized the genus, to which they refer only the Bala species 
formerly regarded as identical with G'. disticha, Goldf., but which 
they describe as G'. Sedgwicki, Shrubs. Glauconome disticha, Goldf., 
from the Wenlock of Dudley, is taken as the type of a new genus 
Arcanoporda. 

The authors then remarked upon the characters on which the 
classification of the Polyzoa is founded, drawn from the study of the 
recent forms, and stated that throughout the Cainozoic and Mesozoic 
series no Polyzoa are known which cannot be referred to the recog- 
nized groups. Many Paleozoic forms are in a different case. The 
orifices seen on the surface are not, in many cases, the mouths 
of the cells, but those of what the authors call vestibules, beneath 
which the true cell-mouth is concealed. For these types they 
propose to found a new suborder under the name of Cryprostomata, 
characterized by having the zoccia subtubular, or, in section, 
slightly angular, and the orifice surrounded by a vestibule or other- 
wise concealed. The families referred to this group are the Ceramo- 
poridz, Ptilodictyide, and Arcanoporide. 


‘e 
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8. “On the Cause of the Depression and Re-elevation of the 
Land during the Glacial Period.” By T. F. Jamieson, Esq., F.G.S. 


[ Abstract. ] 


The author commenced by noticing the theory advanced by Adhé- 
mar and Croll, according to which the submergence was due to the 
effect of a polar ice-cap causing a displacement of the earth’s centre 
of gravity and thereby drawing the ocean towards the ice-covered 
pole, and proceeded to show that this theory is opposed to the geolo- 
gical evidence, according to which the amount of submergence has 
been unequal in adjacent areas and along the same parallels of 
latitude, showing that the movement has been in the land, and not 
in the sea. The facts of submergence also prove that no such cap 
of ice could have existed at the time in the northern regions. 
Sundry other objections were also pointed out. The author then 
went on to state his own hypothesis, which 1s to the effect that the 
depression of the land was caused by the weight of ice laid upon it, 
and the re-elevation by the disappearance of the ice. The amount 
of depression would depend partly on the weight of ice and partly 
on the elasticity or yielding nature of the ground beneath it. He 
then proceeded to consider what was the weight of ice that probably 
existed, and referred to the elastic and flexible nature of the earth’s 
crust, as evinced by earthquakes &e. 

He further considered the relation of time to pressure, and touched 
upon the probable rate of subsidence, which he supposes to have 
been very slow and gradual. The recovery of level, he thinks, would 
also be very gradual, and probably, in most cases, not complete. 

He next proceeded to show how his hypothesis is borne out by an 
appeal to geological evidence in various countries, taking England, 
Ireland, North America, and Greenland as examples. He further 
pointed out its application to the facts connected with the loess beds, 
Fjord latitudes, and lake-basins, and concluded with some observa- 
tions on the remarkable connexion between glaciation and submer- 
gence in all countries. 


The following specimens were exhibited :— 


Remains of a small species of Moa (Dinornis didulus, Owen, sp. n.) 
from New Zealand, showing portions of the skin and feathers, exhi- 
bited by Dr. H. Woodward. 

Specimens of Sphenospondylus and Thecospondylus Horneri, exhi- 
bited by Prof. H. G. Seeley, in illustration of his papers. 

Specimens exhibited by W. H. Twelvetrees, Esq., and E. Wil- 
son, Esq., in illustration of their papers. 


ADDITIONS 


TO THE 


LIBRARY AND MUSEUM OF THE GEOLOGICAL SOCIETY. 


Session 1881-82. 


I, ADDITIONS TO THE LIBRARY. 
1. PertopicaLs AnD PuBLicatTions oF LEARNED SOCIETIES. 


Presented by the respective Societies and Editors, of not otherwise 
stated. 


Academy, The. No. 477. 1881. 


Nos. 478-504. 1881. 
Samuel Sharpe, 105. 


Nos. 505-528. 1882. 
Charles Darwin, 306. 


Adelaide. Royal Society of South Australia. Transactions and 
Proceedings and Report. Vol. iv. 1880-81. 1882. 

G. Scoular. A Sketch of the Geology of the district around Manoora, 
Hundred of Saddleworth, 37.—W. Rutt. Notes upon a Boring at Port 
Wakefield, 41.—R. Tate. The Geology about Port Wakefield, 45.—T. C. 
Cloud. Mineralogical Notes from the Laboratory of the Wallaroo smelt- 
ing works, 50.—J. G. O. Tepper. Sketch of a Geological and Physical 
History of Hundred Cunningham and neighbouring regions, 61.—R. Tate. 
Geology in its Relation to Mining and Subterranean Water-supply in South 
Australia, 115.—R. Tate. Notes on the Geology about Franklin Har- 
bour, west side of Spencer’s Gulf, 143.—R. Tate. Geological Sections 
about Wellington or North-east shore of Lake Alexandrina, 144.—G. L. 
Debney. Notes on the Physical and Geological Features about Lake 
Kyre, 145. 


Analyst, The. Vol. vi. Nos. 64-69. 1881. 
Vol. vii. Nos. 70-74. 1882. 


Annals and Magazine of Natural History. Ser. 5. Vol. vii. Nos. 
43-48. 1881. Purchased. 

G. C. Wallich. Supplementary Notes on the Flints and the Litholo- 
gical Identity of the Chalk and Recent Calcareous Deposits in the Ocean, 
46.—T. Stock. On some British Specimens of the “ Kammplatten” or 
““Kammleisten” of Professor Fritsch, 90.—J. F. Whiteaves. On some 
remarkable fossil Fishes from the Devonian rocks of Scaumenac Bay, in 
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the province of Quebec, 159.—R. P. Whitfield. On the Nature of Dicty- 
ophyton, 237.—J. W. Dawson. Note on the Structure of a Specimen of 
Uphantena from the Collection of the American Museum of Natural 
History, New York city, 237.—T. Rupert Jones. Notes on the Paleozoic 
Bivalved Entomostraca. No. XII. Some Cambrian and Silurian Leper- 
ditie and Primitie, 332.—E. D. Cope. Note on the Structure of the 
Posterior Foot of Toxodon, 389.—O.C. Marsh. Jurassic Birds and their 
Allies, 452.—S. H. Seudder. The Tertiary Lake-basin of Florissant, 
Colorado, 458. 

Annals and Magazine of Natural History. Ser. 5. Vol. ix. 

Nos. 49-54. 1882. Purchased. 

J. Hopkinson. On some Points in the Morphology of the Rhabdophora 
or true Graptolites, 54—O. C. Marsh. Classification of the Dinosauria, 
79.—F. Schmidt and T. Rupert Jones. On some Silurian Leperditie, 
168.—E. D. Cope. The oldest Artiodactyle, 204.—E. D. Cope. The 
Characters of the Tzeniodontia, 205.—E. D. Cope. New Forms of Cory- 
phodontide, 211.—E. D. Cope. An Anthropomorphous Lemur, 212.— 
R. Etheridge, jun., and P. H. Carpenter. On certain Points in the Mor- 

hology of the Blastoidea, with Descriptions of some new Genera and 
pecies, 213.—De Quatrefages. Charles Darwin, 467. 


Atheneum (Journal). No. 2800. 1881. 

——-, Nos. 2801-2827. 1881. 

—. Nos. 2828-2851. 1882. 

—. Parts 642-648. 1881. 

. Parts 649-653. 1882. 

Barnsley. Midland Institute of Mining, Civil, and Mechanical 
Engineers. Transactions. Vol. vii. Parts 54-56. 1881. 

——-, Vol. vin. Parts 57 and 58: deez) 


Basel. Schweizerische paliontologische Gesellschaft. Abhandlungen. 
Vol. vill, 1881. Purchased. 

L. Riitimeyer. Beitriige zu einer natiirlichen Geschichte der Hirsche, 
II. Theil.— Koby. Monographie des Polypiers jurassiques de la Suisse, 
2¢ partie—P. dela Harpe. Etude des Nummulites de la Suisse, 2° partie. 
—P. de Loriol. Monographie paléontologique de la zone & Ammonites 
tenuilobatus d’Oberbuchsiten, fin. 


Bath Natural-History and Antiquarian Field Club. Proceedings. 
Vol. v. No. 1. 1882. 


H. H. Winwood. A Fact in connexion with the Vobster Inversion, 24. 
—Excursion to Portskewet and the Severn Tunnel, 46. 


Belfast Natural-History and Philosophical Society. Proceedings for 
the Session 1880-81. 1882. 
J.J. Murphy. The Problem of Geological Climates, 19.—J. Wright, 
Notes on the Foraminifera: Genus Lagena, 108. 


Belfast Naturalists’ Field Club. Annual Report and Proceedings. 
Ser. 2. Vol. i. Part 7. 1381. 
J. Wright. A List of Post-Tertiary Foraminifera of the North-east of 
Treland, 149.—S. A. Stewart. A List of the Mollusca of the Boulder-clay 
of the North-east of Ireland, 165. 


ADDITIONS TO THE LIBRARY. 249 


Berlin. Deutsche geologische Gesellschaft. Zeitschrift. Band xxxiii. 
Hefte 1-4. 1881. 

A. Remelé. Zur Gattung Paleonautilus, 1.—A. E. von Nordenskiold. 
Ueber drei grosse Feuermeteore, beobachtet in Schweden in den Jahren 
1876 und 1877, 14.—A. Becker. Ueber die Olivinknollenim Basalt, 31.— 
Bohm. Die Bivalven der Schichten des Diceras Miinsteri (Diceraskalk) 
von Kelheim, 67.—C. Schliiter. Ueber einige Anthozoen des Devon, 75. 
—P. Lehmann. SBeobachtungen tiber Tektonik und Gletscherspuren im 
Fogarascher Hochgebirge, 109.—H. Biicking. Ueber die krystallinischen 
Schiefer von Attika, 118.—A. Nollner. Ueber einige kiinstliche Um- 
wandlungsproducte des Kryolithes, 139.—R. Klebs. Ueber Harze aus 
dem Samlande, 169.—H. B. Geinitz. Ueber Renthierfunde in Sachsen, 
170. A. Remelé. Stromboliturtes, eine neue Untergattung der perfecten 
Lituiten, nebst Bemerkungen tiber die Cephalopoden-Gattung <Ancistro- 
ceras Boll, 187.—M. Bauer. Das diluviale Diatomeenlager aus der 
Wilmsdorfer Forst bei Zinten in Ostpreussen, 196.—O. Lang. Ueber 
Sedimentar-Gesteine aus der Umgegend von Gottingen, 217.—E. Tietze. 
Zur Wurdigung der theoretischen Speculationen tiber die Geologie von 
Bosnien, 282.—H. Credner. Die Stegocephalen (Labyrinthodonten) aus 
dem Rothliegenden des Plauen’schen Grundes bei Dresden, 298.—E. Kay- 
ser. Ueber einige neue devonische Brachiopoden, 331—J. Haniel. Ueber 
Sigdiaria Brasserti, Haniel, 338.—Sterzel. Ueber die Flora der unteren 
Schichten des Plauenschen Grundes, 339.—F. Notling. Ueber einige 
Brachyuren aus dem Senon von Mastricht und dem Tertiar Norddeutsch- 
lands, 357.—J. Kuhn.— Untersuchungen tiber pyrendische Ophite, 372.— 
W. Dames. Geologische Reisenotizen aus Schweden, 405.—von Dechen. 
Ueber Bimsstein im Westerwalde, 442.—M. Neumayr. Die krystallinis- 
chen Schiefer in Attika, 454.—O. Weerth. Ueber die Localfacies des 
Geschiebelehms in der Gegend von Detmold und Herford, 465.—von 
Fritsch. Ueber tertiare Saugethierreste in Thiiringen, 476.—A. Remelé. 
Nachtragliche Bemerkungen 2u Strombolituites, und Ancistroceras Boll, 
478.—G. Steinmann. Ueber Acanthospongia aus bohmischem Silur, 481. 
—KE. Kalkowsky. Ueber Hercynit im sachsischen Granulit, 533.—A. 
Rothpletz. Der Bergsturz von Elm, 540,—F. E. Geinitz. Beobachtungen 
im sachsischen Diluvium, 565.—M. Neumayr. Ueber Loriola, eine neue 
Echinidengattung, 570.—H. Credner. Die Stegocephalen aus dem Roth- - 
liegenden des Plauen’schen Grundes bei Dresden, 574.—F. M. Stapff. 
Geologische Beobachtungen im Tessinthal, 604.—E. Kayser. Ueber das 
Alter des Hauptquarzits der Wieder Schiefer und des Kahleberger Sand- 
steins im Harz; mit Bemerkungen tber die hercynische Fauna im Harz, 
am Rhein und in Bohmen, 617.—E. Kalkowsky. Ueber den Ursprung 
der granitischen Gange im Granulit in Sachsen, 629.—T. Ebert. Die 
tertiaren Ablagerungen der Umgegend von Cassel, 654.—A. von Kénen. 
Ueber die Gattung Anoplophora Sandbg. (Uniona Pohlig), 679.—A. 
Bargatzky. Stachyodes, eine neue Stromatoporide, 688. | 


——. Gesellschaft naturforschender Freunde. Sitzungsberichte, 
Veen 1381. 

Dames. Ueber Zahne von Rhombodus aus der obersenonen Tuftkreide 
von Mastricht, 1.—K. A. Lossen. Ueber den Zusammenhang der Lothab- 
lenkungswerthe auf und vor dem Harz mit dem geologischen Bau dieses 
Gebirges, 19.—F. Hilgendorf. Ueber ‘‘ The Genesis of the Tertiary Spe- 
cies of Planorbis at Steinheim” by A. Hyatt, 95. 


Berlin. Ko6niglich preussische Akademie der Wissenschaften. Mo- 
natsbericht. February to December 1881. 1881-82. 
H. Biicking. Vorlaufiger Bericht iiber die geologische Untersuchung 
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yon Olympia, 315.—Bauer. Ueber eine Methode, die Brechungscoéthei- 
enten einaxiger Krystalle zu bestimmen, und iiber die Brechungscoéffici- 
enten des Brucits,958.—Roth. Zur Geologie der Umgebung von Neapel, 
990.—Websky. Ueber das Vorkommen von Phenakit in der Schweiz, 
1007. 


Berlin. Koniglich preussische Akademie der Wissenschaften. Sitz- 
ungsberichte. 1882,i—xvii. 1882. 

E. Reusch. Ueber gewundene Berglkrystalle, 153.—E. Beyrich. Ueber 
geognostische Beobachtungen G. Schweinfurth’s in der Wiiste zwischen 
Cairo and Suez, 163.—-A. Arzruni. Untersuchung der vulcanischen Gesteine 
aus der Gegend von Abu-Zabel am Ismailia-Canal, 178.—G. vom Rath. 
Ueber eine massenhafte Exhalation von Schwefelwasserstoft in der Bucht 
von Mesolungi, 201.—A. Arzruni. Krystallographische Untersuchungen 
an sublimirtem Titanit und Amphibol, 369. 


Zeitschrift fiir die gesammten Naturwissenschaften. Dritte 
Folge. 1881, Band vi. 1881. 


R. Lehmann. Neue Beitrage zur Kenntniss der ehemaligen Strandli- 
nien in anstehendem Gestein in Norwegen, 463. 


Bern. Schweizer Alpenclub. Jahrbuch 1880-81. Jahrgang XVI. 
(1881); and Beilagen. Purchased. 
KE. Renevier. Orographie de la partie des Hautes-Alpes calcaires com- 
prise entre le Rhone et le Rawyl, 3.—E. y. Fellenberg. Topographische 
und geologische Notizen aus dem Baltschiederthal, 253. 


Birmingham. Midland Naturalist. Vol. ii. Nos. 23 & 24. 1879. 
Presented by W. Whitaker, Esq., F.G.S. 


s . Vol.ii. No. 26. 1880. Presented by W. Whitaker, 
Esq., F.GS. 


———— 


. Nos. 28-86. 1880. Presented by W. Whi- 
taker, Esq., P.GS. 

J. W. Coombs. The Changes of Climate during Geological Periods, 77, 
107.—J. Shipman. <A Visit to the Cresswell Caves, 135.—E. Wilson. 
Fossil Fish-remains from the Carboniferous Limestone of South Derby- 
shire, 172.—W. J. Harrison. On Deep Borings in the South-east of 
England, 188.—J. J. H. Teall. Origin of the Rocks and Scenery of 
North Wales, 214, 237, 266,—E. Wilson. On the Occurrence of Forami- 
nifera in the Carboniferous Limestone of Derbyshire, 220. 


: . Vol. iv. No. 48. 1881. Presented by W. Whitaker, 
Esq., F.GS 


Birmingham Philosophical Society. Proceedings. Vol. 11. Part 2 
(1880-81). 1881. 
H. W. Crosskey. Note on some Additions to the Fauna of the Post- 
Tertiary Bed at Bridlington, Yorkshire, 573. 
Blackheath. Lewisham and Blackheath Scientific Association. 
Report of the Committee for the Exploration of the Subsidences 
on Blackheath. S8vo. 1881. 


Bordeaux. Société Linnéenne. Actes. Série 4. Tome iy. 1880. 
K. Delfortrie. Découverte d’un squelette entier de Rytiodus dans le 
falun aquitanien, 151.—E. A. Benoist. Etude sur les espéces de la 
famille des Muricine observées dans le Miocéne du Sud-Ouest de la France, 
146.—A. Degrange-Touzin. La Pique longue du Vignemale et l’axe 
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granitique de la chaine des Pyrénées, ii—A. Degrange-Touzin. Compte- 
rendu géologique de l’excursion de Langoiran, xvii.A. Degrange-Touzin. 
Compte-rendu d’une excursion faite a Vertheuil, xviii.tA. Degrange- 
Touzin. Compte-rendu géologique de l’excursion de Saint-André-de- 
Cubzac, xxv.—H. Artigue. Des causes des érosions de la plage de Soulac, 
xxxvi.—E. Benoist. Présentation d’une carte géologique des communes 
de Vertheuil et de Saint-Estéphe, xxxvili—A. Degrange-Touzin.—Note 
eéologique sur la Jalle de Saint-Médard et sur les affleurements fossili- 
féres de cette commune, liv. 


Boston. American Academy of Arts and Sciences. Proceedings. 
Volk xvi. Parts 1 & 2. 1531. 


Boston Society of Natural History. Anniversary Memoirs published 
in celebration of the Fiftieth Anniversary of the Society’s Foun- 
dation (1830-1880). 1880. 

N.S. Shaler. Propositions concerning the Classification of Lavas, con- 
sidered with reference to the Circumstances of their Extrusion, No. 2.— 
A. Hyatt. The Genesis of the Tertiary Species of Planorbis at Steinheim, 
No. 3.—S. H. Scudder. The Devonian Insects of New Brunswick, No. 4. 


Proceedings. Vol. xx. Part 4 (1880). 1881. 

J.S. Diller. » The Felsites and their associated Rocks north of Boston, 
355.—W. O. Crosby. Distorted Pebbles in Conglomerate, 368.—E. R. 
Benton. The Amygdaloidal Melaphyre of Brighton, Mass., 416.—G. H. 
Stone.—The Kames of Maine, 430.—M. EH. Wadsworth. On the Origin 
of the Iron-ores of the Marquette District, Lake Superior, 470.—W. O. 
Crosby. On the Age and Succession of the Crystalline Formations of 
Guiana and Brazil, 480. 


: a) Vole. | Part'l (1680). 2168 hs 

M. E.Wadsworth. On the Filling of Amygdaloidal Cavities and Veins 
in the Keweenaw-Point District of Lake Superior, 91—W. O. Crosby. 
Geology of Frenchman’s Bay, Maine, 109. 


Bristol Museum and Library. Report of Proceedings at the Eleventh 
Annual Meeting, 16th February 1882. 1882. 


British Association for the Advancement of Science. Report of the 
Fifty-first Meeting, held at York, 1881. 1882. 

Sir John Lubbock. Presidential Address, 1.— Everett. Fourteenth 
Report of the Committee appointed for the purpose of investigating the 
Rate of Increase of Underground Temperature downwards in various 
Localities of Dry Land and under Water, 90.—J. Perry. Final Report 
of a Committee on Experiments to determine the Thermal Conductivities 
of certain Rocks, showing especially the Geological Aspects of the Inves- 
tigation, 126.—W. H. Baily. Third Report of the Committee appointed 
for the purpose of investigating the Tertiary Flora of the North of Ireland, 
152.—G. R. Vine. Second Report of the Committee appointed for the 
purpose of reporting on Fossil Polyzoa, 161.—J. Milne. Report of the 
Committee appointed for the purpose of investigating the Earthquake 
Phenomena of Japan, 200.—H. W. Crosskey. Ninth Report of the Com- 
mittee appointed for the purpose of recording the Position, Height above 
the Sea, lithological Characters, Size, and Origin of the Erratic Blocks of 
England, Wales, and Ireland, reporting other matters of interest connected 
with the same, and taking measures for their Preservation, 204.—R. J. 
Ussher. Second Report of the Committee appointed for the purpose of 
exploring the Caves of the South of Iveland: Report on the Caves and 


Kitchen-middens near Cappagh, Co. Waterford, 218.—C. E. De Rance. — 
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Seventh Report of the Committee appointed for the purpose of investi- 
gating the Circulation of Underground Waters in the Permian, New Red 
Sandstone, and Jurassic Formations of England, and the Quantity and Cha- 
racter of the Water supplied to Towns and Districts from those Formations, 
309.—S. Haughton. On the Effects of Oceanic Currents upon Climates, _ 
451.—B. Balfour. On the Island of Socotra, 482.—T. Fairley. On the 
Blowing Wells near Northallerton, 544, 601—W. L. Carpenter. On 
the Siliceous and other Hot Springs in the Volcanic District of the North 
Island of New Zealand, 580.—J. Y. Buchanan. On Manganese Nodules 
and their Occurrence on the Sea-bottom, 583.— E. Divers. On the 
Chrome Iron Ore of Japan, 587.— A. C. Ramsay. Presidential Address 
to Section C, Geology: On the Origin and Progress of the present State 
of British Geology, especially since the first meeting of the British Asso- 
ciation at York in 1831, 605.—E. Hull. On the Laurentian Beds of 
Donegal and of other Parts of Ireland, 609.—G.H. Kinahan. On the 
Laurentian Rocks in Ireland, 609.—A. R. Hunt. On the Occurrence of 
Granite in situ about 20 miles 8.W. of the Eddystone, 610.—W. J. Sollas. 
The Connection between the Intrusion of Volcanic Rock and Volcanic 
Eruptions, 613.—B. Latham. On the Influence of Barometric Pressure 
on the Discharge of Water from Springs, 614.—J. E. Clark. Glacial 
Sections at York, and their Relation to the later Deposits, 614.—G. W. 
Lamplugh. On the Bridlington Glacial Shell-beds, 616.—J. R. Mortimer. 
On Sections of the Drift obtained from the new Drainage Works of Drif- 
field, 617.—A. G. Cameron. On the Subsidences above the Permian 
Limestone between Hartlepool and Ripon, 617.—J. D. Kendall. The 
Glacial Deposits of West Cumberland, 617,—H. G. Seeley. On Stmo- 
saurus pusillus (Fraas), a Step in the Evolution of the Plesiosauria, 618. 
—P.M. Duncan. On Asterosmilia Reedi, a new Species of Coral from the 
Oligocene of Brockenhurst, Hants, 618.—J. Prestwich. On the Strata 
between the Chillesford Beds and the Lower Boulder Clay: The Mun- 
desley and Westleton Beds, 620.—J. Prestwich. On the Extension into 
Essex, Middlesex, and other Inland Counties, of the Mundesley and 
Westleton Beds, in relation to the age of certain Hill-gravels and some of 
the Valleys of the South of England, 620.—E. B. Poulton. A preliminary 
Account of the Working of Dowkerbottom Cave, in Craven, during August 
1881, 622.— KE. Wethered. On the Formation of Coal, 623.—W. C. 
Williamson. Preliminary Remarks on the Microscopic Structure of 
Coal, 625.—W. Cash. On the Halifax Hard Seam, 626.—J. Spencer. 
Researches in Fossil Botany, 627.—J. Spencer. Notes on Astromyelon 
and its Root, 628.—W. A. E. Ussher. On the Palzozoic Rocks of North 
Devon and West Somerset, 629.—E. Hull. The Devono-Silurian Forma- 
tion, 631.—E. Hill. On Evaporation and Eccentricity as Co-factors in 
Glacial Periods, 631.—A. Strahan. On the Discovery of Coal-Measures 
under New Red Sandstone, and on the so-called Permian Rocks of St. 
Helen’s, Lancashire, 632.—E. B. Tawney. On the Upper Bagshot Sands 
of Hordwell Cliff, Hampshire, 633.—J. R. Dakyns. On “ Flots,” 634,— 
P. H. Carpenter. Remarks upon the Structure and Classification of the 
Blastoidea, 634.—P. H. Carpenter. On the Characters of the “ Lansdown 
Encrinite” (Millericrinus Prattu, Gray, sp.), 635.—A. Strahan. On the 
Lower Keuper Sandstone of Cheshire, 635.—E. Wilson. On a Discovery 
of Fossil Fishes in the New Red Sandstone of Nottingham, 637.—E. 
Wilson. On the Rhetics of Nottinghamshire, 637.—W. T. Blanford. 
The Great Plain of Northern India not an old Sea-basin, 638.—W. King. 
The Gold Fields and the Quartz-outcrops of Southern India, 639.—R. 
Russell. On the Geology of the Island of Cyprus, 640.—E. Hull. Obser- 
vations on the two Types of Cambrian Beds of the British Isles (the Cale- 
donian and Hiberno-Cambrian), and the Conditions under which they were 
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respectively deposited, 642.—T. McK. Hughes. On the Lower Cambrian 
of Anglesea, 643.—T. McK. Hughes. On the Gnarled Series of Amlwch 
and Holyhead in Anglesea, 644.—W. J. Sollas. The Subject-matter of 
Geology and its Classification, 644.—J. W. Davis. On the Exploration 
of a Fissure in the Mountain Limestone at Raygill, 645.—J. W. Davis. 
On the Zoological Position of the Genus Petalorhynchus, Ag., a fossil Fish 
from the Mountain Limestone, 646.—J. W. Davis. On Dvrodontopsodus, 
Davis, a new Genus of fossil Fishes from the Mountain Limestone at 
Richmond in Yorkshire, 646.—J. Milne and T. Gray. A. Contribution 
to Seismology, 646.—W. Topley. On an International Scale of Colours 
for Geological Maps, 647.— W. Keeping. On the Glacial Geology of 
Central Wales, 648.—J. Hopkinson. On some Points in the Morphology 
of the Rhabdophora, 649.—H. Stopes. On some Ores and Minerals from 
Laurium, Greece, 650.—C. EH. De Rance. Notes on the Cheshire Salt- 
field, 650.—J. KH. Marr. On some Sections in the Lower Paleeozoic Rocks 
of the Craven District, 650.—O.C. Marsh. Jurassic Birds and their 
Allies, 661.—T. Hick and W. Cash. On a fossil Stem from the Halifax 
Coal-measures, 679.—H. Stopes. Traces of Man in the Crag, 700.— 
T. McK. Hughes and Mrs. W. Wynn. The Results of recent further 
Excavations in the Caves of Cefn, near St. Asaph, North Wales, 700.— 
J.D. Hooker. Presidential Address to Section H, Geography: On Geo- 
graphical Distribution, 727.—W. L. Carpenter. On the Hot-lake District 
and the Glacier Scenery and Fjords of New Zealand, 742. 


Brussels. Musée Royal d'Histoire Naturelle de Belgique. Annales. 
Tome vi. 1881. (Text and Plates.) 
L. G. De Koninck. Faune du calcaire carbonifére de la Belgique. 3° 
Partie: Gastéropodes. 


——. Société Malacologique de Belgique. Annales. Tome xiii. 
1878. 

T. Lefévre. Des grandes espéces d’Ovules des terrains 6océnes: De- 
scription de l’Ovule des environs de Bruxelles, Ova (Strombus) gigantea, 
Miinst. sp., 22.—N. Tiberi. Mollusques marins d’Italie: Céphalopodes, 
Ptéropodes, Hétéropodes vivants de la Méditerranée et fossiles du terrain 
tertiaire d’Italie, 52.—A. Briart et F. L. Cornet. Description de quelques 
coquilles fossiles des argilites de Morlanwelz, 87.—A. Hck. Note sur le 
Calcaire de Ludes, vii.—G. Vincent et A. Rutot. Quelques nouvelles 
observations relatives au systeme Wemmelien, ].— EH. Vanden Broeck. 
Fossiles de l’étage fluvio-marin et du quaternaire du Limbourg, lx.—G. 
Vincent et A. Rutot. Notes sur quelques observations géologiques et 
paléontologiques faites aux environs de Louvain, xxii. 


——. Société Royale Malacologique de Belgique. Procés-verbal. 
Tome ix. 1880, pp. lxxili-exxxiil. 

EK. Hennequin. Notes d’excursions relatives a la fixation de la position 
stratigraphique de nouveaux gites fossiliféres du systéme wemmelien, 
Ixxvi.—A. Rutot. Compte rendu fait a la Société Malacologique de 
Belgique de l’excursion entreprise par la Société Géologique de France 
dans le Boulonnais, xciv.—l. Vanden Broeck. Observations nouvelles 
sur les sables diestiens et sur les dépots du Bolderberg, evi—A. Rutot. 
Compte rendu des excursions faites en commun par les Sociétés Géolo- 
gique et Malacologique de Belgique aux environs de Bruxelles (5-7 sep- 
tembre 1880), cxix. 


. Tome x. 1881, pp. lvi-celvi. 

P. Cogels. Contribution a l’étude paléontologique et géologique de la 

Campine, lvii—E. Van den Broeck. Exposé sommaire des observations 
VOL. XXXVIII. u 
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et découvertes stratigraphiques et paléontologiques faites dans les dépéts 
marins et fluvio-marins du Limbourg pendant les années 1880-81], elxix. 
—P. Cogels. Surle memoire de M. L. Gaston Vasseur sur les terrains ter- 
tiaires de la France occidentale, excvii—Delvaux. Note succincte sur 
Vexcursion de la Société Géologique de Belgique en Septembre 1881, 
ecvili.—P. Cogels et Baron O. Van Ertborn. Réponse au travail de M. 
KE. Van den Broeck, publié dans le procés-verbal de la séance du 3 sep- 
tembre 1881, cexxxiii—R. Hausler. Note sur une zone & Globigerines 
dans les terrains jurassiques de la Suisse, cexli. 


Brussels. Société Royale Malacologique de Belgique. Procés- 
verbal. Tome xi. 1882, pp. i—xl. 

E. Van den Broeck. Réponse aux observations de MM. Cogels et Van 

Erthborn faites a occasion de l’exposé sommaire de mes recherches dans le 


Limbourg, présenté a la séance du 3 septembre 1881, vi.—P. Cogels et O. — 


Van Ertborn. Contribution a l’étude des terrains tertiaires en Belgique, 
XXil. 
Buenos Ayres. Sociedad Cientifica Argentina. Anales. Tomo xii. 
Entrega 1-6. 1881. 
C. Olivera. Memoria descriptiva del Rio San Juan y obras de defensa 
proyectadas, 83, 


——. Tomo xii. Entrega 1-4. 1882. 


Buffalo Society of Natural Sciences. Bulletin. Vol. iii. No. 5. 
1877 


: Vol. iv. Nos.1 &2. 1882. 

J. Pohlman. On certain Fossils of the Water-Lime Group near Buf- 
falo, 17.—J. Pohlman. Additional Notes on the Fauna of the Water- 
Lime Group near Buffalo, 41. 


Caen. Musée d’Histoire Naturelle. Annuaire. Vol.i. 1880. 
Ki. Eudes-Deslongchamps. Note sur la collection ethnographique du 
Musée de Caen, 535. 


Soci¢té Linnéenne de Normandie. Bulletin. Ser. 3. Vol. iv. 
(1879-80). 1880. 

J. Moriére. Crinoides des terrains jurassiques du Calvados, 329.—J. 
Moriére. Considérations générales sur la flore fossile et spécialement 
sur celle du Lias, 361.—Leroux. Note sur quelques fossiles remarquables 
du lias 4 Gryphées arquées d’Osmanville, 387.— W. A. E. Ussher. Le 
trias de Normandie, 452. 


Calcutta. Asiatic Society of Bengal. Journal. N.S. Vol. xlix. 
Extra number to Part 1 for 1880. 1880. 


-———, Vol. 1, Part: 1. Nos. 2-40 ae 


; ; : . ——. Part 2. Nos. 2-4. 1881. 

O. Feistmantel. A Sketch of the History of the Fossils of the Indian 
Godwana System, 168.—V. Ball. Additional Note on the Identification 
of ancient Diamond Mines visited by Tavernier, 219. 


—. 1#——. —~—. —. Vol. li. Part 1. No.1. 1882. 


: Proceedings. 1881, Nos. 4-10. 1881. 

QO. Feistmantel. Sketch of the History of the Fossils of the Indian 
Godwana System, 123.—V. Ball. Additional Remarks on the Identification 
of ancient Diamond Mines in India, 125.—Y. Ball. On the Origin of 
the so-called Kharakpur Meteorite, 140. 
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Calcutta. Asiatic Society of Bengal. Proceedings. 1882, Nos. 
1&2. 1882. 


Cambridge, U. 8. A. Museum of Comparative Zoology at Harvard 
College. Annual Report of the Curator for 1880-81. 1881. 
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» Memoirs.  Yolovis, WNo#2) Part. 2), 1382. 
J.D. ). Whitney. The Climatic Changes of later Geological Times, 121. 


Canterbury. Hast-Kent Natural-History Society. 22nd Report 
(1879). 1880. Presented by W. Whitaker, Esq., F.GS, 
W.H. Hammond. On the Intermitting Streams of the District, 22.— 
M*Dakin. An Outline and Index to the Geology of East Kent, 43. 


. 2rd Report (1880). 1881. 

A, 8. Reid, On the Formation of Red Rocks, 35.—G. Dowker. On 
the Changes which have taken place in East Kent in the Coast and River- 
valleys since the Roman occupation of Britain, 41, 56. 


Cape Town. South-African Philosophical Society. Transactions. 
Vol. i. Parts 1-3. 1878-1880. Presented by the Trustees of 
the South-African Museum, Cape Town. 

John Shaw. ‘The Age of the Voleanic Throats of the Upper Karoo 
Formations of South Africa, 1—H. W. Piers. The Movements of Sea- 
sands and Bar Harbours, 7.—W. Prosser. Notes on the Devonian and 
Ash Beds of the Karoo and Gouph, 13.—W. Prosser. The Limestones 
of the Colony, 47 (Part 2)—J. Shaw. The Petrography of Table-Moun- 
tain Valley, 55 (Part 2).—W. Prosser. The Granites and Gneiss of the 
Colony, 93 ‘(Part 2). 


Cassel. Palzontographica. Band xxvii. Lief. 1-6. 1881. Pur- 
chased. 

KE. Naumann. Ueber japanische Elephanten der Vorzeit, 1.—Max 
Schlosser. Die Fauna des Kelheimer Diceras-Kalkes: Abth. IL, 41.— 
H. R. Goppert und G. Stenzel. Die Medulloseae, eine neue Gruppe der 
fossilen Cycadeen, 111.—H. R. Goppert. Beitrage zur Pathologie und 
Morphologie fossiler Stamme, 129.—G. Bohm. Die Fauna des Kel- 
heimer Diceras-Kalkes, 141.—M. Schlosser. Die Brachiopoden des Kel- 
heimer Diceras-Kalkes, 193.—E. von Koch. Mittheilungen iiber die 
Structur von Phohdophyllum Loveni, E. und H., und Cyathoph yllum, sp. ? 
aus Konieprus, 215.—E. Holzapfel. Die Goniatiten-Kalke von Adorf in 
Waldeck, 255. 


Catania. Accademia Gioenia di Scienze Naturali. Atti. Serie 3. 
Como xi. 1877. 
G. Basile. L’Elefante fossile nel terreno vulcanico dell’ Etna, 221.— 
C. Sciuto-Patti. Carta idrografica della citta di Catania, 267. — 


; og ONO, KIL. oe LSS, 

O. Silvestri. Sopra alcune Paraffine ed altri carburi d’idrogeno omo- 
loghi che trovansi contenuti in una lava dell’ Etna, 69.—G. G. Gemmellaro. 
Prima appendice agli studj paleontologici sulla fauna del calcare a Tere- 
u2 
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bratula janitor del nord di Sicilia, 99.—S. Ciofalo. Enumerazione dei 
principali fossili che si rinvengono nella serie delle rocce stratificate dei 
dintorni di Termini Imerese, 115.—O. Silvestri. Ricerche chimico- 
micrografiche sopra le piogge rosse e le polveri meteoriche della Sicilia 
in occasione di grandi burrasche atmosferiche, 123.—G. G. Gemmellaro. 
Sopra i cefalopodi della zona inferiore degli strati con Aspidoceras acan- 
thicum di Sicilia, 153. 


~ Catania. Accademia Gioenia di Scienze Naturali. Atti. Serie 3. 
Tomo xiii. 1879. 


Tomo xiv. 1879. 


A. Longo. Osservazioni sopra alquanti squarci della memoria del Sig. 
Roberto Mallet “ Volcanic Energy,” 119. 

: : : Tomo xv. 1881. 

S. C. Ponte. Cause determinanti la riproduzione del calore terrestre, 
26.—L. Ricciardi. Ricerche chimiche sulle lave dei dintorni di Catania 
indicate nella Carta geologica di Sciuto Patti, 147.—L. Ricciardi e 8. 
Speciale. Ricerche chimiche sui basalti della Sicilia, 181.—L. Ricciardi 
eS. Speciale. I basalti della Sicilia, 211.—L. Ricciardi. Sopra un’ alte- 
razione osservata nella selce piromaca, 275. , 


Chemical News. Vol. xliii. No. 1126. 1881. 

J. L. Smith. Occurrence of a Nodule of Chromite in the Interior of 
compact Meteoric Iron from Cohahuila, 283. 
Volk. xliv, Nos: 1197-1954) “1881: 


F. P. Dunnington. On Microlite from Amelia Co., Virginia, 44.—Sir 


John Lubbock. British Association for the Advancement of Science: ~ 


Inaugural Address of the President, 109.—B. Silliman. Mineralogical 
Notes, 171.—E. J. Bevan and C. F. Cross. Cellulose and Coal, 185.— 
C. L. Allen. Analysis of Wulfenite from Ruby Hill, Eureka Co., 
Nevada, 203.—B. E. Sloan. Analysis of the Felspar accompanying Mi- 
crolite in Amelia Co., Virginia, 207.—B. H. Heyward. Ona Zinc-bear- 
ing Clay from the Neighbourhood of the Bertha Zinc Mines, Pulaski Co., 
Virginia, 207.—T. P. Lippit. Analysis of Epidote from near Greenwood, 
Albemarle Co., Virginia, 208.—E. Divers. On the Chrome Iron Ore of 
Japan, 217.—T. Fairley. The Blowing Wells near Northallerton, 242.— 
C. J. H. Warden. Analysis of Soil from Cuttack, Bengal, 244.—J. Y. 
Buchanan. On Manganese Nodules and their Occurrence on the Sea- 
bottom, 253. 


Vol. xlv. Nos. 1156-1170, 1172-1177. 1882. 

J. R. M. Robertson. The Occurrence of Opals in Central Australia 
and Queensland, 95, 101.—R. Romanis. Mineral Water from Amherst, 
British Burmah, 158.—E. Divers. On two Japanese Meteorites, 216. 


Chemical Society. Journal. Nos. 224-231. 1881. 

J.C. Thresh. Chemical Examination of the Buxton Thermal Water, 
388.—T. E. Thorpe. Contributions to the history of the Mineral Waters 
of Yorkshire, 497. 


Supplementary number, Dee. 1881. 
Nos. 231-235. 1882. 


E. Wethered. On the Composition of Pennant Gritsin contact with 
and at a distance from Carbonaceous Deposits, 79.—J. C. Thresh. Che= 
mical Examination of the Buxton Thermal Water, 117.—W. Flight. On 
the Action of Sodium Hydrate and Carbonate on Felspars and Wollas- 
tonite, 159.—W. N. Hartley. The Analysis of Rhabdophane, a new 
British Mineral, 210. 


——_—_ 
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Chester Society of Natural Science. President’s Address, Thursday, 
October 27, 1881. 


Colliery Guardian. Vol. xli. No. 1069. 1881. 


Vol. xlu. Nos. 1070-1096. 1881. 

Excursion of the Edinburgh Geological Society to the Camps Quarries 
near Hast Calder, 142.—British Association, 415.—The Geological Sur- 
vey, 731.—J. H arrison, A Geological Report and Section of the Coal and 
Gold Fields in the Grey Valley, on the West Coast of New Zealand, 973. 


——. Vol. xlin. Nos. 1097-1120. 1882. 

KE. Wethered. The Formation of Coal, 176, 218.—The Boring for Coal 
near Goole, 345.— Working the South African Coalfields, 376.—Bleicher. 
The Discovery of Marine Carboniferous Measures in Upper Alsatia, 493. 
—Gruner. Formation of the Loire Coal Basin, 707.—F. N. Newcome. 
The Development of the Coal Fields of China, 861. 


Copenhagen. Kongelige Danske Videnskabernes Selskab. Natur- 
videnskabelige og Mathematiske Afhandlinger. Rekke 6. 
Bind 1. Nos. 3-5. 1881. 

J. ii. V. Boas. Om en fossil Zebra Form fra Brasiliens Campos, 305. 

——. Bindu. Nos. 1&2. 1881. 


——. Oversigt. 1881, Nos. 2&3. 1881. 


—. -—. ——. 1882, No.1. 1882. 
Cracow. Akademija umiejetnosci w Krakowie. Sprawozdanie, 
13880. 1881. 


Darmstadt. Mittelrheinischer geologischer Verein. Abhandlungen. 
Bandi. Nos. 1 &2. 1881-82. 


G. R. Lepsius. Halitheriwm Schinzi die fossile Sirene des Mainzer 
Beckens, 1. 


—. Verein ftir Erdkunde und mittelrheinischer geologischer 
Verein. Notizblatt. Folge 4, Heft 2. 1881. 
RR. Lepsius. Materialien zur geologischen Specialkarte des Grossher- 
zogthums Hessen, 3, 17.—W. Harres. Die Mineralvorkommen im kir- 
nigen Kalk yon Auerbach a. d. Bergstr., 9. 


Dijon. Académie des Sciences, Arts et Belles-lettres. Mémoires. 
Série 4. Tome vi. (1880). 1881. 


Dorpat. Naturforscher-Gesellschaft. Archiv fiir die Naturkunde 
Liv-, Ehst- und Kurlands. Ser. 2. Band ix. Lief. 3 & 4. 
1881. 


Sitzungsberichte. Band vi. Heft 1 (1881). 1882. 

C. Grewingk. Nachtrag zum Verzeichniss quartarer, ganz oder local 
ausgestorbener Siugethiere, 4 .—C. Grewingk. Unterseeische Auswas- 
chungen ostbaltischer Dolomite, 83.—Siemiradzki. Basaltgeschiebe in 
Curland, 96.—Siemiradzki. Die krystallinischen Geschiebe des Ost- 
balticums, 77. 


Dresden. Naturwissenschaftliche Gesellschaft Isis. Sitzungs- 
berichte und Abhandlungen, 1881. 1882. 
O, Schneider. Ueber Anschwemmung von Edelsteinen an der Alex- 
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andriner Kiiste, 2.—H. B. Geinitz. Ueber fossile Saurier in dem Kalke 
des Rothliegenden bei Niederhasslich, 4—H. B. Geinitz. Ueber die 
Verbreitung des Renthieres, 6.—E. Dathe. Ueber Gletscherspuren in 
Norddeutschland, 25 (Abh.).—A. Purgold. Ueber einige Feldspath- 
zwillinge, 32 (Abh.).—H. B. Geinitz. Ueber Dr. A. Baltzer: Der me- 
chanische Contact von Gneiss und Kalk im Berner Oberland, 36 (Abh.). 
—A. Purgold. Ueber H. Wolf: Geologische Gruben-Revierkarte des 
Kohlenbeckens von Teplitz-Dux-Briix, 41 (Abh.).—H. B. Geinitz. Die 
Versteinerungen des lithographischen Schiefers im Dresdener Museum, 51 
(Abh.).—A. Purgold. Ueber einige Kalkspath-Krystalle, 59 (Abh.).—H. 
B. Geinitz. Ueber die altesten Spuren fossiler Pflanzen in Sachsen, 78 
(Abh.).—H. B. Geinitz. Ueber die Fortschritte der geologischen Forsch- 
ungen in Nordamerika, 86 (Abh.).—J. V. Deichmiiller. Ueber das Vor- 
kommen cenomaner Versteinerungen bei Dohna, 97 (Abh.). 


Dublin. Royal Dublin Society. Scientific Transactions. Ser. 2. 
Vol. 1. Nos. 13 & 14. 1880 & 1881. 
A. Leith Adams, G. H. Kinahan and R. J. Ussher. Explorations in 
the Bone Cave of Ballynamintra near Cappagh, County Waterford, 177. 


—. ——. Scientific Proceedings. N.S. Vol. u. Part 7. 
1880. 

V. Ball. On the Mode of Occurrence and Distribution of Diamonds in 
India, 551.—A. B. Wynne. On some Points in the Physical Geology of 
the Dingle and Iveragh Promontories, 590.—T. Plunkett. On Chert in 
the Limestone of Knockbeg, County Fermanagh, 611. 


: : N.S. Vol. 1. Parts 1-4. 1881. 

EK. T. Hardman, On a Travertine from Ballisodare, near Sligo, con- 
taining a considerable amount of Strontium, 12.—E. Hull. On the Geo- 
ogical Structure of the Northern Highlands of Scotland, being notes of a 
recent Tour, 34.—G. H. Kinahan. Cork Rocks, 47.—G. H. Kinahan. 
On the Thicknesses of the Irish bedded Rocks, 108.—G.:H. Kinahan. 
Anniversary Address to the Royal Geological Society of Ireland, 109.— 
KE. Hull. On the recent remarkable Subsidences of the Ground in the 
Salt Districts of Cheshire, 133.—V. Ball. On the Identification of cer- 
tain Localities mentioned in my Paper on the Diamonds of India, 189.— 
I. Hull. On the Origin and probable Structure of the Domite Moun- 
tains of Central France, 145.—P. Argall. Notes on the Tertiary Iron- 
Ore Measures, Glengariff Valley, County Antrim, 151.—G. A. Kinahan. 
“ Black Sand ” in the Drift north of Greystones, Co. Wicklow, 165, 


——. Royal Geological Society of Ireland. Journal. N.S. 
Vol. vi. Part 1 (1880-81). 1881. 

A. B. Wynne. On some Points in the Physical Geology of the Dingle 
and Iveragh Promontories, 1.—E. T. Hardman. On a Travertine from 
from Ballisodare, near Sligo, containing a considerable amount of Stron- 
tium, 8.—V. Ball. On the Mode of Occurrence and Distribution of Dia- 
monds in India, 10.—T. Plunkett. OnChert in the Limestone of Knock- 
beg, Co. Fermanagh, 49.—G. H. Kinahan. Cork Rocks, 52.—E. Hull. 
On the Geological Structure of the Northern Highlands of Scotland, 
being Notes of a recent Tour,56.—V. Ball. On the Identification of cer- 
tain Localities mentioned in my Paper on the Diamonds of India, 69.—G. 
H. Kinahan. Anniversary Address, 71—E. Hull. On the recent re- 
markable Subsidences of the Ground in the Salt Districts of Cheshire, 
87.—E. Hul. On the Origin and probable Structure of the Domite 
Mountains of Central France, 93.—P. Argall. Notes on the Tertiary lron- 
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Ore Measures of Glengariff Valley, Co. Antrim, 98.—G. A. Kinahan. 
“ Black Sand ” in the Drift north of Greystones, Co. Wicklow, 111. 


Dublin. Royal Irish Academy. Proceedings. Ser. 2. Vol. 11. Nos. 
5&6. 1880 & 1881. 

J. P. O’Reilly. On the Directions of main Lines of Jointing obser- 
yable in the Rocks about the Bay of Dublin, and their Relations with 
adjacent Coast-Lines, 295.—J. P. O'Reilly. On the Correlation of the 
Lines of Faulting of the Palamow Coaltield District, Northern India, 
with the neighbouring Coast Lines, 310.—W. King. Preliminary Notice 
of a Memoir on Rock-jointing, in its Relation to Phenomena in Physical 
Geography and Physical Geology, 326.—G. H. and G. A. Kinahan. 
Kurites or Basic Felstones of Silurian Age, °38.—G. H. Kinahan. Sup- 
posed Upper Cambrian Rocks in the Counties of Tyrone and Mayo, 343. 


Proceedings. Ser. 2. Vol.u. Polite Literature and 
Antiquities. No. 2. 1880. 


Transactions. Vol. xxvii. Polite Literature and 
Antiquities. Part 4. 1881. 


ee ee Vol. xxvin, pcience. Parts [=o. ~lsst: 


Eastbourne Natural-History Society. Papers, 1880-81. Presented 
by W. Whitaker, Esq., F.GS. 
J. H. Bogle. The Wealden Strata of Hast Sussex. 


East-India Association. Journal. Vol. xiii. No. 3. 1881. 
ee VO iv VINOS., Wh Gorm loos 


' Edinburgh. Geological Society. Transactions. Vol. iv. Part 1. 
Ihefod a 

Hi. M. Cadell. Notice of the Surface Geology of the Forth round 
Borrowstounness, 2.—J. Henderson. Notice of a Bore Section at Abbey- 
hill, and its Relation to the Rocks of the Calton Hill, 34.—T. Stock. On 
the Discovery of a nearly entire Specimen of Rhizodus in the Wardie 
Shales, 88.—T. D. Wallace. Recent Geological Changes on the Moray 
Furth, 40.—J. Fraser. On recent Formations and Glacial Phenomena 
of Strathnairn, 55.—R. Romanis. Notes on Maulmain and Neighbour- 
hood, 67.—T. Stock. Notes on a few Natural-History Collections visited 
in the course of a Tour on the Continent in 1880, 75.—J. Young. Notes 
on the Genera of Gasteropod Mollusca from the Carboniferous Limestone 
Series of the Central and Western Coal-fields of Scotland, 85.—W. J. 
Macadam. Notice of Veins of Specular Iron Ore at Strachur, Argyll- 
shire, 95.—T. Stock. Note on the Occurrence of Anthrapalemon Lthe- 
ridyii, Peach, in the Ironstone above the Sandstone at Craigleith Quarry 
near Edinburgh, 97.—D. Cameron. The Granite and the Junction of 
the Old Red Sandstone and the Gneiss in Lower Strathnairn (Daviot), 
98.—W. J. Macadam. On the Chemical Composition of certain Lime- 
stone Rocks from Ballimore (Argyllshire), 101.—D. M. Home. Vale- 
dictory Address for Session 1880-81, 104.—Excursion to the Bathgate 
District, 116.—Excursion to Inchkeith, 117.—Excursion to the Lime- 
stone Quarries at Camps, 118. 


——. Royal Physical Society. Proceedings. Session 1880-81. 
1881. . 
R. Kidstone. On the Structure of Lepidodendron selaginoides (Stern- 
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berg), from the Coal Measures, Halifax, Yorkshire, 97._R. Etheridge, 
jun. Notes on the Post-Tertiary Deposits of Elie and Largo Bay, Fife, 
105.—R. Etheridge, jun. On the Presence of the scattered Skeletal Re- 
mains of Holothuroidea in the Carboniferous Limestone Series of Scot- 
land, 183.—B. N. Peach and J. Horne. The Glaciation of Caithness, 
316. 


Edinburgh. Royal Society. Proceedings. Vol. xi. No. 108. 
1880-81. | 
_R.S. Marsden. On the Preparation of Adamantine Carbon or Dia- 
mond, 20.—A. Liversidge. Stilbite from Kerguelen’s Island, 117.—C. 
A. Stevenson. The Earthquake of 28th November 1880 in Scotland and 
Ireland, .176.—D. Milne Home. Report of the Boulder Committee, 246. 


: Transactions. Vol, xxx. Part. 1. 1880-81. 

R. H. Traquair. Report on Fossil Fishes collected by the Geological 
Survey of Scotland in Eskdale and Liddesdale. Part 1: Ganoidei, 15. 
—B. N. Peach. Onsome new Crustaceans from the Lower Carboniferous 
Rocks of Eskdale and Liddesdale, 73.—J. Geilie. On the Geology of 
the Ferde Islands, 217.—B. N. Peach. On some new Species of fossil 
Scorpions from the Carboniferous Rocks of Scotland and the English 
Borders, with a Review of the Genera Loscorpius and Mazonia of Messrs. 
Meek and Worthen, 399. 


Essex. Kpping-Forest and County-of-Essex Naturalists’ Field Club. 
Transactions. Vol. ii. Parts 4&5. 1881. 
W. H. Dalton. The Blackwater Valley, Essex, 15.—H. Corder. 
Stone Implements from the Neighbourhood of Chelmsford, Essex, 29. 


Exeter. Teign Naturalists’ Field Club. Report of the Proceedings 
for the year 1880. 1881. 


; ; 1881. 1882. 
G. W. Ormerod. The Rocking Stones of Dartmoor, 12. 


Falmouth. Royal Cornwall Polytechnic Society. Annual Report 
32. 1864. Presented by Dr. C. Le Neve Foster, F.G.S. 


; . —— 33. 1865. Presented by Dr. C. Le Neve 
Foster, F.G.S. 
G. R. Burnell. On the Quaternary Formations, 1. 


—. -——. —— 34. 1865. Presented by Dr. C. Le Neve 
Foster, F.GS. 

: . —— 35. 1867. Presented by Dr. C. Te Wave 

Foster, F.G.S. 


C. Le Neve Foster. Notes on the Perseberg Iron Mines, Sweden, 46. 
—R. Hunt. The Lenarto Meteorite, 59. 
, . —— df. 1869. Presented by Dr. (Cpa 
Foster, F.GS. 
A. T. Davies. The Phenomena of Heaves or Faults in the Mineral 
Veins of Cornwall. (Appendix to the Report). 


49. 1881. Presented by Dr. C. Le Neve 


ne 
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Foster, F.GS. 
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Geneva. Société de Physique et d’Histoire Naturelle. Mémoires. , 
Tome xxvu.' Partie 2.) 188. 


Geological Magazine. Dec. II. Vol. viii. Nos. 7-12. 1881. 

J.S. Gardner. Note in explanation of Plate VIL, to illustrate the 
Theory of Subsidence and Elevation of Land, and the Permanence of 
Oceans, 289.—T. Davidson. On the Genera Merista and Dayia, 289.— 
S. H. Scudder. Two New British Carboniferous Insects, 293.—H. G. 
Seeley. On Vogt’s View of the Archeopteryx, 300.—H. H. Howorth. 
The Sudden Extinction of the Mammoth, 309.—E. T: Newton. The 
Vertebrata of the Forest-bed Series of the East of England, 315.— 
C. Lapworth. Correlation of the Lower Paleozoic Rocks of Britain 
and Scandinavia, 317.—G. Seeuenza. Tertiary Geology of the Reggiano 
(Calabria), 323.—A. d’Achiardi. Jurassic Corals of North Italy, 325.— 
T. R. Jones. Notes on Paleozoic Entomostraca, 337.—C. Callaway. 
On the Archean Rocks, 348.—W. Williams. The Megaceros in Ireland, 
354.—B. N. Peach and John Horne. The Glaciation of the Shetlands, 
364.—W. H. Hudleston. Gasteropoda from the Portland Rocks of the 
Vale of Wardour, 385.—A. Strahan. The Lower Keuper Sandstone of 
Cheshire, 396.—H. H. Howorth. The Cause of the Mammoth’s Extine- 
tion, 403.—A. Champernowne. The Ashburton Limestone, its Age and 
Relations, 410.—W. O. Crosby. Absence of Joint-Structure at great 
Depths, 416.—C. Callaway. How to work in the Archean Rocks, 420. 
—G. H. Kinahan. Possible Laurentian Rocks in Ireland, 427.— 
A. Strahan. Discovery of Coal-Measures under New Red Sandstone, and. 
on so-called Permian Rocks, at St. Helen’s, Lancashire, 453.—S. Allport. 
Note on the Pitchstones of Arran, 438.—R. D. Roberts. The Basement 
Beds of the Cambrian in Anglesea, 439.—W. A. E. Ussher. On the 
Paleozoic Rocks of North Devon and West Somerset, 441.—John Hop- 
kinson. On some Points in the Morphology of the Rhabdophora, 448.— 
D. M. Home. The Glaciation of the Shetlands, 449.—H. G. Seeley. 
Differences between the London and Berlin Archeopteryx, 454.—British 
Association, Section C, Geology, 455.—E. Hill. On Evaporation and 
Eccentricity, as Co-Factors in Glacial Periods, 481.—O. C. Marsh. Ju- 
rassic Birds and their Allies, 485.—A. Champernowne. Noite on a Find 
of Homalonotus in Red Beds at Torquay, 487.—H. Woodward. Note 
on anew English Homalonotus from the Devonian, Torquay, 8. Devon, 
489,—R. H. Traquair. Notice of new Fish-remains from the Black-band 
Ironstone of Borough Lee, near Edinburgh, 491.—C. Callaway. The 
Metamorphic and associated Rocks south of Wexford, 494.—J. Lycett. 
Note on the Generic Distinctness of Purpuroidea and Purpura, with 
Remarks upon the Purpuroid Shells figured in the Geol. Mag. 1880, plate 
vili., 498.—S. V. Wood. Further Remarks on the Origin of the Valley 
System of the South-eastern Half of England, prompted by the Result of 
a Boring near Witham in Essex, 502.—C. Reid. TheSudden Extinction 
of the Mammoth, 505.—H. Woodward. Contributions to the Study of 
fossil Crustacea, 529.—G. W. Lamplugh. On the Bridlington and 
Dimlington Glacial Shell-beds, 535.—C. Struckmann. On the Paral- 
lelism of the Hanoverian and English Upper Jurassic Formations, 546.— 
W. Topley. The International Geological Congress, Bologna, 1881, 
557. 


Geological Magazine. Vol. viii. Nos. 7-12. 1881. Purchased. 
Vol. ix. Nos. 1-6. 1882. 


C. Lapworth. The Life and Work of Linnarsson, 1, 119, 171.—E. T, 
Newton. Notes on Vertebrata of the Pre-Glacial Forest-bed Series of 


——_—_— 
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the East of England, 7.—H.H. Howorth. Traces of a gréat Post-Glacial 
Flood, 9, 69, 266.—T. G. Bonney. On the Twt Hill Conglomerate, 18. 
—W. Carruthers. Contributions to the Paleobotany of Sweden, 32.— 
J. Prestwich. On the Occurrence of the Cyrena fluminalis at Summertown, 
new Oxford, 49.—E. T. Newton.. On the Occurrence of Spermophilus 
beneath the "Glacial Till of Norfolk, 51.—C. Callaway. Some Points 
in the Geology of Anglesey, 55.—W. ’ Flight. Supplement to a Chapter 
in the History arf Meteorites, 58, 106, 164, 212.—A. H. S. Lucas. On 
the Headon Beds of the Western Extremity of the Isle of Wight, 97.— 
John Edward Lee. Notice of a Pteraspidean Cephalic Plate from the 
Devonian Beds of Gerolstein in the Eifel, 104.—E.T. Newton. Notes on 
the Vertebrata of the Pre-Glacial Forest-bed Series of the East of 
England, 112.—R. D. Roberts. The Twt Hill Conglomerate and the 
Base of the Cambrian, 114.—W. H. Hudleston. Contributions to the 
Paleontology of the Yorkshire Oolites, 145, 193, 241.—R. D. Roberts. 
Some Points in the Geology of Anglesey, 152. ail § Etheridge. Notes on 
Fossils from the Lower Devonian , Torquay, 154.—H. Woodward. Addi- 
tional Note on Homalonutus from the Devonian, 157.—A. Irving. On 
the Classification of the European Rocks known as Permian and Trias, 
158, 219, 272.—T. Mudd. Suggested Analogy between ‘“‘ Water Hammer” 

Action and Earthquake and Volcanic Phenomena, 177.—O. C. Marsh. 
The Wings of Pterodactyles, 205.—C. O. Trechmann. Note on the so- 
called ‘ Hypersthenite ” of Carrick Fell, Cumberland, 210.—H. H. 
Howorth. ‘Traces of a great Post- Glacial Flood, 224. ie Keeping. 
The Glacial Geology of Central Wales, 251.—C. Davidson. On the Theory 
of Vorticose Harthquake peo 257,—T. Mellard Reade. Subsoil De- 
nudation of Boulder-Clay, 265. 


Geological Magazine. Vol.ix. Nos. 1-6. 1882. Purchased. 


Geologists’ Association. Proceedings. Vol. vii. Nos. 2-4. 1881-82. 

T. G. Bonney. Remarks on a Proposed Classification of Rocks, 96.— 
T. G. Bonney. On anew Theory of the Formation of Basalt, 104.—J. Slade. 
Notes on the Microscopic Structure of the Basalt of Sw ‘allow Cliff and 
Uphill, 112.—S. O. Ridley. Visit to the British Museum, 113.—S. O. 
Ridley. Visit to the Museum of Practical Geology, 114.—E.T. Newton. 
Notes on the Mandible of an Ischyodus Townsendit, found at Upway, Dor- 
setshire, in the Portland Oolite, 116.—S. R. Pattison. A Geological Trip 
in Colorado in 1880, 119.—Visit to the British Museum (Natural History), 
South Kensington, 133.—W. H. Hudleston. Excursion to Salisbury, 
Stonehenge, and the Vale of Wardour, 134.—J. L. Lobley. Excursion 
to Charlton, Blackheath, and Lewisham, 142. Excursion to Croydon, 
Shirley, and Addington, 145.—H. Walker. Excursion to Grays, 148. 
Excursion to Sheppey, 149.—J. F. Blake. On a continuous Section of 
the Oligocene Strata from Colwell Bay to Headon Hill, 151.—W. H. 
Hudleston. On the Geology of the Vale of Wardour, 161. Biel Tawney. 
Excursion to the east end of the Isle of Wight, 185.—W. Whitaker. 
Excursion to Higham, Kent, 189.—J. Hopkinson. Excursion to Tot- 
ternhoe, Kensworth, and Luton, 191.—J. S.Gardner. On Coniferze, 194. 
—W. H. Hudleston. On the Geology of the Neighbourhood of Kes- 
wick, 213. Excursion to the Lake District, 236.—W. H. Hudleston. 
Address at the Opening of the Session 1881-82, 245, 


Giessen. Oberhessische Gesellschaft fir Natur- und Heilkunde. 
Bericht 20. 1881. 
H. Sommerlad. Vorliufiger Bericht tber hornblendefiihrende Ba- 
salte, 113. 
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Glaseow. Geological Society. Transactions. Vol. vi. Part 2. 1882. 

J. Geikie. Notes on the Geology of Colonsay and Oronsay, 157.— 
EK. A. Wiinsch. A German Professor's Views of the Geology of Arran, 
translated from A. von Lasaulx’s ‘ Aus Irland,’ Bonn, 1878, with 
Remarks, 165.—J. Dairon. On the Rocks and Graptolitic Shales of the 
Moffat District, 178.—E. A. Wiinsch. Professor David Page, F.G.S., and 
his Work as a Geological Writer, 182.—J. Smith. On the Occurrence of 
Flint Nodules and Worked Flints in the Post-tertiary Sands of the 
Ayrshire Coast between Saltcoats and Troon, 185.—J. CO. Christie. A 
Visit to the Eifel and its Volcanic Rocks, 192.—J. Dairon. Note on the 
Reproduction and Development of Graptolites, 206.—J.Thomson. Notes 
on the Metamorphic Rocks of Harris and North Uist, 207.—J. Neilson, 
jun. Notes on Scottish Brachiopoda, 209.—J. Young. Notes on the 
Perfect Condition of the Cell-pores and other Points of Structure in 
Certain Species of Carboniferous Polyzoa from Western Scotland, 211.— 
J. White. On Rocks and Minerals in Cornwall, 217.—J. J. Dobbie. On 
the Occurrence of Euxenite and other rare Minerals in Veins of Graphic 
Granite at Hitterd, Flelkefiord, Norway, 219—J. Young. Notes on 
some Carboniferous Lamellibranchs, their Mode of Occurrence and ob- 
served Shell-structure, 225.—R. M. Robertson. The Oil and Oil-wells 
of Burma, with Notes on the Geology of the Districts of their Occurrence, 
226.—David Robertson. On aSeries of Foraminifera and Ostracoda from 
a Post-tertiary Deposit in Lewis, 248.—E. Hull. Classification of the 
Carboniferous Rocks of Scotland, Reply to “ Remarks &c.” by Mr. John 
Young, 250.-—J. C. Christie. Notes on the Hohentwiel, a Volcanic Cone 
in the south of Wirtemberg, 254.—C. Lapworth. On Graptolites, 260.— 
T. Steel. Notes on a Fossiliferous Post-pliocene Bed at Gourock, 261. 
—T. M. Reade. On the Relations of the Glacial Deposits of the Clyde 
and Forth to those of the North-west of England and North of Ireland, 
264.—J. Smith. The Geology of Dalry, 277. 


—. Philosophical Society. Proceedings. Vol. xii. No. 1. 
1881. 
J. Thomson. On the Genus Alveolites, Amplevus, and Zaphrentis, from 
the Carboniferous System of Scotland, 194. 


Halifax, N.S. Nova-Scotian Institute of Natural Science. Pro- 
ceedings and Transactions. Vol. v. Part 3. 1880-81. 

Rey. D. Honeyman. Nova-Scotian Geology: Digby and Yarmouth 
Counties, 227.—E. Gilpin. On the Occurrence of Lievrite in Nova Scotia, 
255.—Rev. D. Honeyman. Archean Gneisses of the Cobequid Mountains 
(magnetitic), 271.-—E. Gilpin. The Trap Minerals of Nova Scotia, 283. 
—A. Cameron. Notes on the Geology of Point Pleasant, 307.—A. Hare. 
Notes on the Geology of Bedford, Sackville, and Hammond’s Plains, 309. 
—T. Rupert Jones. Notes on some Paleozoic Bivalved Entomostraca, 313. 


Halle. Kaiserliche Leopoldinisch-Carolinische deutsche Akademie 
der Naturforscher. Nova Acta. Band xl. Abth.1 & 2. 1879 
& 1880. 


Harlem. Société Hollandaise des Sciences. Archives Néerlandaises. 
Tome xvi. Livr. 1-5. 1881. 
R. D. M. Verbeek et R. Fennema. Nouveaux faits géologiques obser- 
vés a Java, 47.—E. H. von Baumhauer. Sur la cristallisation du dia- 
mant, 91.—H. Behrens. Sur la cristallisation du diamant, 376. 


——. ——. Natuurkundige Verhandelingen. Verz. 3. Deel iv. 
Stuk 2. 1881. 
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Heidelberg. Naturhistorisch-medicinischer Verein. Neue Folge. 
Band ii. Heft 1. 1881. 


Hertford. Hertfordshire Natural-History Society and Field Club. 
Transactions. Vol.i. Parts 5-7. 1881. 
John Evans. A few Words on Tertiary Man, 145.—H. G. Fordham. 
On the Importance of recording Erratic Blocks, 163.—J. Gwyn Jeffreys. 
Anniversary Address, 175. 


Hobart Town. Royal Society of Tasmania. Monthly Notices of 
Papers and Proceedings, and Report, for 1879. 1880. 

R. Etheridge, jun. On the Identification of the first Secondary Fossil 
found in Australia, 18—R. M. Johnston. Note on the Discovery of 
Spondylostrobus Smyth, Mull., and other fossil Fruits in the deep Lead- 
drift at Brandy Creek Gold-field, 25.—R. M. Johnston. Third Contribu- 
tion to the Natural History of the Tertiary Marine Beds of Table Cape, 
with a Description of thirty new Species of Mollusca, 29.—R. M. Johnston. 
Notes on the Relations of the Yellow Limestone (Travertin) of Geilston 
Bay with other fluviatile and lacustrine Deposits in Tasmania and Aus- 
tralia, together with Descriptions of two new fossil Helices, 81. 


Institution of Civil Engineers. Minutes of Proceedings. Vol. Lxiv. 
1881. 


T. F. Brown and G. I’. Adams. Deep Winning of Coal in South 
Wales, 23. 


—. -—. Vol. lIxv. 1881. 
- ——. Vol. lxvi. 1881]. 
——. ——. Vol. lxvi. 1882. 
——. ——. Subject Index to Vols. i.-lviii. (1837-79). 1881. 


Kazan. Imperial University. Bulletin and Scientific Memoirs. 
1880, Nos. 1-6. 1880. (In Russian.) 


Knowledge. Vol.i. Nos. 1-30. 1881-82. 

The South-European Volcanic System, 22.—G. F. Rodwell. Recent 
Studies of Volcanic Action, 129,154.—J. Geikie. Natural Rubbish-heaps, 
318.—Grant Allen. Our Ancestors: I. The Stone-age Men, 351.—E. 
Clodd. The Antiquity of Man in Western Europe, 465, 567. 


——. Vol.u. Nos. 31-35. 1882. 
E. Clodd. The Antiquity of Man in Western Europe, 19.—W. Jago. 
Crystals, 20, 52.—W. J. Harrison. Aids to the Study of Geology, 90. 


Lausanne. Société Vaudoise des Sciences Naturelles. Bulletin. 
Sér. 2. Tome xvii. Nos. 85 & 86. 1881. 

E. Renevier. Commission eéologique internationale, 2° compte-rendu, 
165.—C. Dufour. Retrait des glaciers européens, 422.—P. de le Harpe. 
Note sur la distribution par couples des nummulites éocénes, 429.—E. 
Renevier. Le musée géologique de Lausanne en 1880, 445.—K. Renevier, 
Nouveau gisement de Gault dans le Jura vaudois, 547.—Marshall Hall. 
Analyse d’une roche dolomitique du val de Saas, 592. 


Leeds. Philosophical and Literary Society. The Annual Report 
for 1880-81. 1881. 
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Leeds. Yorkshire Geological and Polytechnic Society. Proceedings. 
Vol. vii. Part 4. 1881. 

G. R. Vine. Notes on the Carboniferous Polyzoa of North Yorkshire, 
329.—A.G. Cameron. On Subsidences over the Permian Boundary be- 
tween Hartlepool and Ripon, 342.—K. B. Poulton. <A preliminary Ac- 
count of the Working of Dowkerbottom Cave, in Craven, during August 
and September 1881, 351.—J. R. Mortimer. On the Sections of the 
Drift obtained by the new Drainage-works at Driffield, 373.—J. R. Dakyns. 
On Flots, 381.—G. W. Lamplugh. On Glacial Sections near Bridlington, - 
383.—J. E. Marr. On some Sections in the Lower Paleozoic Rocks of 
the Craven District, 397.—T. Hick and W. Cash. A Contribution to the 
Flora of the Lower Coal Measures of the Parish of Halifax, Part II1., 400. 
—T. Fairley. On the Blowing Wells near Northallerton, 409.—J. E. 
Clark. On Glacial Sections at York, and their Relation to later Deposits, 
421.—J. Spencer. Astromyelon and its Affinities, 439.—J. W. Davis. 
Summary of Geological Literature relating to Yorkshire published during 
1881, with Addenda for 1880, 453. 


Leicester Literary and Philosophical Society. Transactions. Part vii. 
(1860-65). 1881. 


——. Report of the Council and Transactions for the year 1880-— 
Sie uiSs1. 


Leipzig. Zeitschrift fir Krystallographie und Mineralogie. (Groth.) 
Band vi. Hefte 1-5. 1881-82. Purchased. 

A. Arzruni. Kiinstlicher und natiirlicher Gay-Lussit, 24.—E. Bam- 
berger. Bechi’s sogenannter “ Picranalcim” von Monte Catini, 32.—C. 
Barwald. Der Thenardit von Aguas blancas, 36.—G. A. Konig. Ueber 
den Alaskait, ein neues Glied aus der Reihe der Wismuthsulfosalze, 42,— 
F. Fletcher. Ueber einen zirkonzwilling, 80.—A. Arzruni. Ueber den 
Dietrichit, 92.—E. Ludwig. Ueber die chemische Zusammensetzung des 
Epidots, 175.—G. vom Rath. Hisenglanz und Augit von Ascension, 192. 
—P. Groth. Natiirlicher Barytsalpeter, 195.—H. Baumhauer. Ueber 
den Nephelin, 209.—G. Seligmann. Mineralogische Notizen, IT., 217.— 
V. von Zepharovich. Ueber Kainit, Rutil und Anatas, 234.—A. Cath- 
rein. Ueber Titaneisen, Leukoxen und Titanomorphit, 244,—A. Cathrein, 
Ueber Alexandrit von der Tokowaia, 257.—A. Schrauf. Beitrage zur 
Kenntniss des Associations-Kreises der Magnesiasilicate, 321.—S. Koch. 
Ueber den Wulfenit, 389.—C. Hintze. Pseudo- und paramorphe Senar- 
montit-Krystalle, 410.—A. Schrauf. Uranothallit, false Liebigit, von 
Joachimsthal, 410.—H. Laspeyres. Ueber stauroskopische Anomalien, 
433,—J. Beckenkamp. Ueber die thermische Ausdehnung des Gypses, 
450.—F. Klockmann. Zie Zwillingsverwachsungen des Orthoklases aus 
dem Granitit des Riesengebirges, 493. 


Liége. Société Géologique. Annales. Tome vi. (1878-79). 1879. 

C. Malaise. Sur la découverte de l’arsénopyrite ou mispickel en Beleique, 
Ixvilil.—A. Briart. Observations sur certaines particularités intéressantes 
relatives aux couches tertiaires traversées au charbonnage de Fontaine- 
VEvéque, lxxiv.—A. Jorissen. Sur la présence de Vacide titanique dans 
le minérai de manganése de Lierneux, Ixxviii.—L. L. de Koninck. Sels 
alcalins dans les eaux de charbonnages, lxxx.—M. Hooreman. Tableau 
de la déclinaison magnétique en Belgique en 1879, Ixxxix.—J. Kupftfer- 
schleger. Sels alcalins dans les eaux de charbonnages, Ixxxix.—A. 
Firbet. Sur quelques animaux fossiles du systéme houiller du bassin de 
Liége, xciv.—G. Hock. Sur l’extension du terrain crétacé dans lest de 
la province de Namur, xcix.—R. Malherbe. Note sur la faille eifélienne, 
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cv.—L. L. de Koninck. Sur le quartz noir de Flémalle, d’Angleur, ete., 
exviiii.—L. L. de Koninck.—A propos de l’eau des ardoisiéres de Vielsalm, 
exx.—A. Rutot. Nouvelle coupe géologique a St.-Gilles, prés Bruxelles, 
exxili.—G. Dewalque. Sur la prolongement de la faille eifelienne, cxxxyv. 
—G. Dewalque. Terrains paléozoiques atteints & Londres par un puits 
artésien, cxxxvlil.—A. Firket. Découverte de la chalcopyrite au char- 
bonnage des Six-Bonniers, cxxxix.—F. Dewalque. Sur la composition 
de la Pyrophyllite, cxlix.—A. Firket. Sur la Millerite (Haarkies) du 
charbonnage du Hasard a Micheroux, clii—A. Firket. Sur une variété 
de galéne pseudomorphique, cliii.—aA. Firket. Remarques sur la compo; 
sition du minérai ferro-manganésifére de Moét-Fontaine (Rahier), cliii. 
—A. Jorissen. Sur la présence de l’iode dans la phosphorite de Ramelot, - 
clvi—aA. Petermann. Note sur la phosphorite de Cacéres, elvii—aA. Fir- 
ket. Compte-rendu de la réunion extraordinaire tenue dans |’Eifel du 
31 aout au 4 septembre 1879, clxii—G. Vincent et A. Rutot. Note sur 
un puits artésien foré 4 Molenbeek St.-Jean, prés Bruxelles, 3.—G. Vin- 
cent et A. Rutot. Note sur un sondage exécuté a la brasserie de la Dyle, 
i Malines, 15.—J. Faly. Sur les couches tertiaires traversées au char- 
bonnage de Fontaine-l’Evéque, 28.—A. Jorissen. Sur la présence de 
Varsenic et du vanadium dans le delvauxite de la carriére Horion, & Visé, 
39.—W. Spring. Essai d'une méthode pour déterminer l’époque relative 
du plissement des couches, 45.—A. Renard et C. de la Vallée Poussin. 
Note sur l’ottrélite, 51.—A. Rutot et G. Vincent. Coup d’ceil sur l'état 
actuel d’avancement des connaissances géologiques relatives aux terrains 
tertiaires de la Belgique, 69.—G. Dewalque. Revue des fossiles lande- 
niens decrits par De Ryckholt, 156.—O. Bustin. Sur le bassin houiller 
de Byne, 168.—R. Malherbe. Réfutation des syonymies proposées par 
M. O. Bustin, 172.—J. de Macar. Etude sur les failles et les synonymies 
proposées par la carte générale des mines pour le bassin de Liége, 177. 


Liége. Société Géologique. Annales. Tome vii. (1879-80). 1881. 

A. Firket. Sur la présence du mispickel (arsénopyrite) et de la galéne 
a Nil-Saint-Vincent, liii—A. Firket. Note sur le gite de combustible 
minéral du Rocheux, 4 Theux, 1xiii— Commission de la carte géologique 
de la Belgique, lxxv.—G. Dewalque. Sur l’organisation actuelle du lévé 
séologique, xcvili.—F. Dewalque. Note sur un échantillon de Diadochite 
de la mine de Védrin, cxii.—H. Forir. Sur quelques minéraux et fossiles 
trouvés dans une excursion 4 Argenteau, cxv.—G. Dewalque. Compte- 
rendu d’une excursion, cxviiii—Jannel. Note sur la présence de phos- 
phates dans le lias de la Belgique, cxxvii—A. Peterman. Analyse des 
phosphates du lias du Luxembourg, exxx.—H. Forir. Note sur quelques 
minéraux et fossiles d’Engihoul, exxxviii—A. Briart. Communication 
sur la carte géologique de la partie centrale du Hainaut envoyée a 
YExposition de Bruxelles, par M. Cornet et lui-méme, cxxxvili.—Congrés 
de Bologne, cl.—L. L. de Koninck. Note sur la couche de schiste inter- 
calée dans les calcaires E* de Dumont, cly.—G. Petit-Bois. Quelques 
mots sur la géologie de l’Etat d’Antioquia (Colombie), clix.i—A. Rutot. 
Compte-rendu de l’excursion annuelle dans les environs de Bruxelles, 
celxiiii—G. Dewalque. Sur V’uniformité de la langue géologique, 3.— 
Blanchard et Smeysters. Note sur quelques fossiles rencontrés dans le 
systéme houiller de Charleroi, 14.—P. Cogels et O. Van Ertborn. Note 
sur quelques dépots tertiaires du nord de la Belgique, 19. 
Lille. Société Géologique du Nord. Annales. Tome viii. (1880- 

Shj7.28el. 
J. Ladriére. Les anciennes riviéres, 1.—E. Defernez. Atelier de silex 


du Bois du Comte, a Ablain-St.-Nazaire, 18.—Jannel. Des nodules cal- 
caires et de leur réduction en excoriations dans le Gédinnien supérieur, 
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22.—R. Lepan. Les tranchées des forts du Vert-Galant et de Bondues, 
24.—J. Gosselet. Observations sur les limites des bassins hydrographiques 
de la mer du Nord et de la mer de la Manche, 29.—J. Gesselet. Descrip- 
tion géologique du canton du Nouvion, 36.—C. Barrois. Description 
sommaire des terrains qui affleurent sur la carte de Réthel (feuille 23 de 
V’Etat-major), 56.—L. Carez et Monthiers. Observations sur le Mont 
des Récollets, 74.—E. Chellonneix et J. Ortlieb. Note sur les couches 
tertiaires de Cassel, 4 propos de la communication de MM. Carez et Mon- 
thiers, 76.—A. Rutot et E. Vanden Broeck. Les éléments du terrain 
quaternaire en Belgique: Note pour favoriser sa comparaison avec les dé- 
pots correspondants dans le Nord de la France, 83.—C. W. Cross. Sur 
des roches de Bretagne, 90.—E. Hébert. Rapport présenté a l’Acadé- 
mie des Sciences sur les travaux géologiques de M. J. Gosselet sur les 
Ardennes, 123.—Ladriére. Etude géologique sur les tranchées du che- 
min de fer du Quesnoy & Dour, 135.—J. Gosselet. 5° Note sur le Famen- 
néen: Les schistes des environs de Philippeville et des bords de l’Ourthe, 
176.—J. Gosselet. Sur le caillou de Stonne, 205.—A. Six. Note sur 
le lias de Aisne et de l’Ouest des Ardennes, 208.—Jannel. De la con- 
nexité de quelques dépéts diluviens avec le poudingue liassique dans les 
Ardennes, 227.—J. F. Blake. Comparaison du jurassique supérieur 
d’Angleterre avec celui du Continent, 232.—Bertrand. Discours prési- 
dentiel a la réunion extraordinaire d’Arras, 237.—J. Gosselet. Résumé 
de l’excursion 4 Monchy-le-Preux et apercu sur la constitution géologique 
des environs d’Arras, 249.—Duponchelle. Rapport sur les travaux de 
la Société de 1879-80, 252.—A. Six. -Observations sur le Lias des Ar- 
dennes, 261.—Lignier. Excursion géologique dans les Ardennes, du 
1 au LO septembre 1881, 271.—Compte-rendu de l’excursion géologique 
du 18 au 21 Avri! 1881 dans les terrains secondaires des Ardennes, 296. 


Linnean Socicty. Journal. Botany. Vol. xviii. No. 113. 1881. 
Vol. xix. Nos. 114-119. 1881-82. 

—. —. Zoology. Vol. xv. Nos. 86-89. 1881. 

—-. ——. —. Vol. xvi. Nos. 90-98. 1882. 

——. Transactions. 2nd Ser. Botany. Vol. ii. Part 1. 1881. 


. i . Zoology. Vol. ii. Parts 2-4. 1881-82. 
A.C, Haddon. On the extinct Land-Tortoises of Mauritius and 
Rodriguez, 155.—E. Ray Lankester. On the Tusks of the fossil Walrus 
found in the Red Crag of Suffolk, 213. 


Lisbon. Academia Real das Sciencias. Classe de Sciencias Mathe- 
maticas, Physicas e Naturaes. Memorias. N.S. Tomo vi. 
Parte 1. 1881. © 


——. Sociedade de Geographia. Boletin. Ser. 2. Nos. 5-10. 
1881. 


Exploracao Mineralogica de Angola, 371. 


Liverpool. Geological Association. Transactions. Session 1880- 
21, LOOU, 

Hf. Bramwell. Address, 1—A. Quilliam. The Giant’s Causeway, 8. 
—H. P. Shilston. Curious natural Phenomena in Cephalonia, 15.—H. 
T. Mannington. Analysis of a Salt found in aColliery near St. Helens, 19. 
—T. Brennan. Changes of Climate, “Croll’s Theory,” 21.—O. W. Jeffs, 
The Rise and Progress of Geological Discovery, 27.—C. E. Miles. The 
History of Escarpments, 31.—T. Shilston. Notes on the Brixton Bone- 
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Cave, 49.—C. E. Miles. The Wrekin, Shropshire, 55.—G. Tate. Iso- 
morphism and Dimorphism, 59.—J. E. George. The Lower Carboniferous 
Deposits of Anglesea, 66. 


Liverpool. Geological Society. Proceedings. Session 22nd (1880-— 
81). Vol:iv. Part 3. 1881. 

W. Semmons. Presidential Address, 171—C. Ricketts. On Split 
and other Boulders, 193.—G. H. Morton. On the Carboniferous Lime- 
stone of Gower, compared with that of North Wales, 201.—F. Archer. 
Notes:‘on the Worked Flints of the Raised Beaches of the N.E. coast of 
Ireland, 209.—T. M. Reade. Notes on the Southern Drifts of England 
and Wales, 216.—J. Roberts. Notes on the Strata and Water-level at 
Maghull, 233.—G. H. Morton. List of Papers on the Geology of the 
Country around Liverpool since 1870, 257. 


——. Literary and Philosophical Society. Proceedings. Vol. xxxiil. 
(1878-79). 1879. 


Vol. xxxiv. (1879-80). 1880. 


——. Naturalists’ Field Club. Proceedings, 1880-81. 1881. 
Presented by W. Whitaker, Esq., GS. 


London, Edinburgh, and Dublin Philosophical Magazine. Series 5. 
Vol. xii. Nos. 72-77. 1881. Presented by Dr. Francis, P.G.S. 
S. P. Thompson. On the Opacity of Tourmaline Crystals, 112. 


; . Vol. xiii. Nos. 78-83. 1882. Presented by Dr. 
Francis, F.GS. 


London Iron-Trades Exchange. Vol. xxviii. No. 1150. 1881. 


. Vol, xxix. Nos. 1151-1177. 1881.. 

P. W.Sheafer. The Anthracite Coal Fields of Pennsylvania and their 
Exhaustion, 148, 178.—The Duration of our Coal Fields, 372.—The 
Mineral Resources of County Down, Ireland, 403.—The Mineral Resources 
of Turkey, 515.—Silver-mining Operations in Ireland, 671.—Iron Ore in 
Mexico, 704.—Iron and Copper Production of Ireland, 734. 


. Vol. xxx. Nos. 1178-1201. 1882. 
The Duration of English Iron Ores, 117.—W. Gill. The Iron-ore 
District of Bilbao, 604. 


Manchester. Geological Society. Transactions. Vol. xvi. Parts 6— 
15. 1881-82. 

W. J. Black. On Extinct Volcanoes of Auvergne, France, 164.—Mark 
Stirrup. On the Glacial Geology of the district of Llandudno, with 
especial reference to the Boulder-clays, 172.—A. W. Waters. On a 
Memvir by M. E. Vanden Brceck on the Phenomena of Alteration of 
Superficial Deposits by means of the Infiltration of atmospheric Water, 183. 
—C. E. De Rance and J. B. Squire. On Geological Notes, and Specimens 
obtained from the Monton Drainage-works near Patricroft, 195.—W. 
Boyd Dawkins. On the Range of Anodonta Jukesn, 247.—R. Law and J. 
Horsfall. On the Discovery of Flint Implenients on the high Hills in the 
neighbourhood of Rochdale, 287.—W. J. Black. Geology of Pic-de- 
Sancy Mountains, Central France, 554. 


—— 


Melbourne. Royal Society of Victoria. Transactions and Proceed- 
mgs. Volexviis 1881; 
J. E. Tenison-Woods. The Hodgkinson Goldfield, Northern Queens- 
land, 1. 


ADDITIONS TO THE LIBRARY. 269 


Milan. Reale Istituto Lombardo di Scienze e Lettere. Rendiconti 
per. 2.” Vol. xn. 1879. 

C. F. Parona. Contribuzione allo studio della fauna liasica di Lom- 

bardia, 654.—S. C. T. Taramelli. Sunto di alcune osservazioni stratigra- 

fiche sulle formazioni precarbonifere della Valtellina e della Calabria, 904. 


Societa Italiana di Scienze Naturali. Atti. Vol. xxii. 
Fase. 1-4. 1879-80. 

J. Regazzoni. Le Marmotte fossili dei dintorni di Como, 22.—A. 
Verri—Sul canale pliocenico del Velino, 31.—F. Sordelli. Sulle piante 
fossili recentemente scoperte a Besano circondario di Varese, 81.—P. 
Polli e P. Luchetti. I minerali di ferro delle valle bergamasche, 121.— 
P. Polli e P. Lucchetti. La vecchia Fonte Beroa in Zandobbio, 182.— 
G. B. Villa. La dolomia a gastrochene nell’ Appennino centrale, 303.— 
P. Polli. Su di un nuovo giacimento di molibdenite, 305.—A. Verri. 
Alcune note sui terrani terziari e quaternari prese negli ultimi viaggi sul 
bacino del Tevere, 329.—G. Mercalli. Contribuzioni alla geologia delle 
Isole Lipari, 367. 


: : Vol. xxii. Fase. 1 & 2. 1880. 
E. Spreafico. Osservazioni geologiche nei dintorni del Lago d’Orta e 
nella Val Sesia, 102. 


Mineralogical Society of Great Britain and Ireland. Mineralogical 
Magazine and Journal. Vol.iv. No. 20. 1880. 

M.F. Heddle. The Geognosy and Mineralogy of Scotland: Sutherland, 
197.—A. Renard. On the Chemical Composition of Epidote from Quenast, 
255.—W.Semmons. On Brochantite and its Associations, 259.—C. von 
Hauer. Crystallogenetic Observations, 264. 


: Wol. 1y.,, 0. 26, 155%. 
M. F. Heddle. Geological and Mineralogical Map of Sutherland. (To 
accompany his papers on the Geognosy of Sutherland.) 


: Vol. v.. No. 22. ; 1882. 

M. F. Heddle. Minerals new to Britain, 1.—M. F. Heddle. On some 
ill-determined Minerals, 26.—A. Liversidge. A peculiar Copper Ore from 
Coombing Copper Mine, New South Wales, 32.—P. Dudgeon. On the 
Occurrence of Linarite in Slag, 33.—J. Anson and E. A. Pankhurst. On 
some artificial Forms of Silica, illustrative of the Structure of Agates, &c., 
34.—M. F. Heddle. anes en of the Geological Map of Sutherland, 41. 
—W. Terrill. Note onartificial Crystals of “ Specular Iron ” formed in a 
Copper-works Slag, 48. 

Moscow. Société Impériale des Naturalistes. Bulletin. Tome lv. 
(1880). Part 2. Nos. 3&4. 1881. 

H. Trautschold. Ueber Arordes crassispatha Kutorga, 122. —H. 
Trautschold. Ueber Tomodus Agassiz, 137.—H. Trautschold. Ueber 
den Jura des Donjetzthales, 183. —H. Trautschold. Ueber die Terebra- 
teln des Moskauer Jura, 364.—H. Trautschold. Ueber Synyphocrinus, 
390. 

—. —. ——. Tome lvi. No.1 de1881. 1881. 


—. Tomelvi.(1881). Part 1. Nos.1&2. 1881. 
FF. Trautschold. Ueber devonische Fossilien vom Schelonj, 432. 
Tome lvi. (1881). Part 2. No.3. 1881. 
Vv. Kiprijanoft. Fisch-Ueberreste im kurskischen eisenhaltigen Sand- 


steine oder siwerischen Osteolith, 1.—N. Vischniakoff. Sur Ammonites 
distractus Quenst., 135. 
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Moscow. Société Impériale des Naturalistes. Nouveaux Mémoires. 
Tome xiv. Livr.2. 1881. 
S. Nikitin. Der Jura der Umgegend von Elatma, 89. 
Mozambique. Sociedade de Geographia. Boletin. Anno 1, Nos. 
1-5. 1881. 
C. de Mello. Estudo sobre as minas de Sofala, 72. 
Munich. Kéniglich-bayerische Akademie der Wissenschaften. Ab- 
handlungen. Band xiii. Abth. 1. 1881. 


é . Sitzungsberichte der mathematisch-physikalischen 
Classe. 1881, Hefte3 & 4. 1881. 
C. W. Giimbel. Nachtrage zu den Mittheilungen tber die Wasser- 


steine (Enhydros) von Uruguay und iiber einige sud- und mittelamerila- 
nische sogen. Andesite, 520. 


: Sitzungsberichte. 1882, Hefte1&2. 1882. 

K. A. Zittel. Ueber Plicatocrinus, 105.—J. Brandl. Ueber die che- 
mische Zusammensetzung der Mineralien der Kryolithgruppe, 118.—C. 
W.Giimbel. Beitriige zur Geologie der Goldkiiste in Afikea, 170.—C. 
W. Giimbel. Geologische Fragmente aus der Umgegend von Ems, 197. 


Nancy. Académie de Stanislas. Mémoires. Série 4. Tome xiii. 
(1880). 1881. 


——. Société des Sciences. Bulletin. Série2. Tomev. Fase. 12 
(1880). 1881. 

Delbos. Ossements fossiles humains de l’6poque du mammouth trouvés 
& Bollwiller (Haut-Rhin), 11, 35.—René Collignon. Description d’osse- 
ments humains fossiles de l’epoque du mammouth -trouvés a Bollwiller 
(Haut-Rhin), 40.—J. Wohlgemuth. Note sur l’ Ammonites procerus (See- 
bach), 87.—Bleicher. Recherches sur l’étage bathonien ou grande oolithe 
des environs de Nancy, 91. 


Nature. Vol. xxiv. Nos. 608-612, 614-626. 1881. 

Sir J. Lubbock. Inaugural Address to the British Association, 402.—A. 
C. Ramsay. Opening Address to Section C, Geology, of the British Asso- 
ciation, “On the Origin and Progress of the present State of British 
Geology, especially since the first Meeting of the British Association at 
York in 1831,” 419.—T. H. Huxley. The Rise and Progress of Paleeon- 
tolozy, 452.—British Association, Section C, Geology, 471, 494.—The 
Landslip at Elm, 513.—J. Geikie. The Age of the Igneous Rocks of 
Iceland, 605.—W. C. Williamson. The Evolution of the Paleozoic 
Vegetation, 606. 


—. Vol. xxv. Nos. 627-652. 1881-82. 

A. Geikie. A recent “Find” in British Palzontology, 1—QO. C. 
Marsh. Jurassic Birds and their Allies, 22.—International Geological 
Congress, 34.—Robert Mallet, 59.—W. Boyd Dawkins. On the Evolu- 
tion of Antlers in the Ruminants, 84.—W. Topley. The geological Sur- 
vey of Italy, 86.—A. Geikie. Ami Boué, 109.—H. Woodward. Sir 
Antonio Brady, 174.—E. Hull. Ancient Tidal Action and Planes of 
Marine Denudation, 177.—J.S. Gardner. Fossil Flora of Sumatra, 200.— 
G. H. Darwin. On the geological Importance of the Tides, 213.—J. 8. 
Gardner. A Chapter in the History of the Conifere, 228.—O. Fisher. 
On the physical Cause of the Ocean Basins, 243.—O. C. Marsh. Classi- 
fication of the Dinosauria, 244.—J. P. Joule. Edward William Binney, 
293.—H. J. Johnston-Lavis. The late Changes in the Vesuvian Cone, 
294.—Scientific Worthies, XIX. Adolf Erick Nordenskjéld, 309.—J. W. 
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Judd. The Possibility of finding workable Coal-seams under the Lon- 
don Area, 311.—Samuel Sharp, "319.—J. 8. Newberry. Hypothetical 
High Tides, 357.—The Making of England, 415.—A. V oeikof Glaciers 
and Glacial Periods in their Relations to Climate, 424.—A. Strahan. 
The Channel Tunnel, 463.—O.°C.. Marsh. The Wines of Pterodactyles, 
531.—Flora of New South Wales in its Geological Aspect, 543.—T. J. 
Parker. Notes from the Otago University Museum, 568.—T. H. Huxley. 
Charles Darwin, 597. 


Nature. Vol. xxvi. Nos. 653-659. 1882. 

Prof. Geikie in Arran, 39.—W. King. The Jointing of Rocks and the 
Channel Tunnel, 45.—Charles Darwin, 49, 73, 97, 145.—J. S. Gardner. 
A Chapter in the History of the Coniferee, 106. 


Neuchatel. Société des Sciences Naturelles. Bulletin. Tome xii. 
Cahier 2. 1881. 

M. de Tribolet. Monographie géologique des anciens glaciers et du 
terrain erratique de la partie moyenne du bassin du Rhone, par MM. 
Falsan et Chantre, 208.—L. Charpy. Note sur l’industrie du marbre 4 
Saint-Amour et sur les gisements de marbres dans le département du 
Jura, 245.—M. de Tribolet. Note sur les carriéres de marbres de Saillon 
en Valais, 261.—A. Jaccard. Cartes du terrain erratique du Jura, 281.— 
M. de Tribolet. Origine des variétés filiforme et capillaire de largent 
natif, 292.—K, Desor. L’homme fossile de Nice, 303.—M. de Tribolet. 
Le contact mécanique du gneiss et du calcaire dans l’Oberland bernois, 
par A. Baltzer, 346. 


_ Neweastle-upon-Tyne. North-of-England Institute of Mining and 
Mechanical Engineers. Transactions. Vol. xxx. (1880-81). 
1880. 

W. Saise. On the Kurhurballee Coalfield, with some Remarks on 
Indian Coals, 3.—J. D. Kendall. On the Hematite Deposits of West 
Cumberland, 27._-E. Gilpin. On the Gypsum of Nova Scotia, 53.—J. 
D. Kendall. On the Iron Ores of Antrim, 107.—G. A. Lebour. On the 
Mineral Resources ot the Country between Rothbury and Wooler, North- 
umberland, 121. 


. An Account of the Strata of Northumberland and 
Durham as proved by Borings and Sinkings. C.-E. 8vo. 1881. 


New Haven, Conn. American Journal of Science. Ser. 3. Vol. xxii. 
Nos. 127-132. 1881. 

W. E. Hidden. Notes on Mineral Localities in North Carolina, 21.— 
O. C. Marsh. Restoration of Dinoceras muirabile, 31.—A. Liversidge. 
Torbanite or “‘ Kerosene Shale” of New South Wales, 32.—J. W. Mallet. 
Crystalline Form of Sipylite, 52.—R. P. Whitfield. Observations on the 
Structure of Dictyophyton and its Affinities with certain Sponges, 53.— 
G. C. Broadhead. Carboniferous Rocky of South-east Kansas, 55.—E, 
W. Hilgard. Later Tertiary of the Guf of Mexico, 58.—J. L. Campbell. 
Dufrenite from Rockbridge County, Va., 65.—B. Silliman. Turquois of 
New Mexico, 67,.—J. D. Dana. Geological Relations of the Limestone 
Belts of Westchester County, New York: Origin of the Rocks of the 
Cortlandt Series, 103.—C. U. Shepard. Mew Meteoric Ir on, of unknown 
locality, in the Smithsonian Museum, 119.—-R. P. Whitfield. Nature of 
Dictyophyton, 132.—E. 8. Dana. Emerald-green Spodumene from 
Alexander County, North Carolina, 179.—E. W. Hilgard. Objects and 
Interpretation of Soil Analyses, 183.—B. Silliman. Mineralogical Notes, 
198.—S. W. Ford. On additional Embryonic Forms of Trilobites from 
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the Primordial Rocks of Troy, N. Y., with observations on the genera 
Olenellus, Paradoxides and Hydrocephalus, 250.—W. J. McGee. On the 
Thickness of the Ice-sheet at any Latitude, 264—Sir John Lubbock. 
Address to the British Association at York, 268.—C. G. Rockwood. 
Notes on Earthquakes, 289.—J. D. Dana. Geological Relations of the 
Limestone Belts of Westchester County, New York, 313, 327.—0. C. 
Marsh. Jurassic Birds and their Allies, 337.—W. J. McGee. Local 
Subsidence produced by an Ice-sheet, 368.—J. J. Stevenson. Note on 
the Laramie Group of Southern New Mexico, 370.—W. W. Dodge. 
Lower Silurian Fossils in Northern Maine, 434.—W. J. McGee. A 
Contribution to Croll’s Theory of Secular Climatal Changes, 487.—J. D. 
Dana. On the Relation of the so-called “ Kames’’ of the Connecticut- 
River Valley to the Terrace-formation, 451.—C. G. Rockwood, jun. 
Japanese Seismology, 468. 


New Haven,Conn. American Journal of Science. Ser.3. Vol. xxiii. 
Nos. 1383-138. 1882. 

G. K. Gilbert. Post-Glacial Joints, 25.—A. Agassiz. The Connexion 
between the Cretaceous and the recent Echinid Faun, 40.—O. C. Marsh. 
Classification of the Dinosauria, 81.—J. D. Dana. The Flood of the 
Connecticut River-valley from the Melting of the Quaternary Glacier, 87, 
179, 360.—O. A. Derby. Geology of the Diamond, 97.—O. A. Derby. 
Goldbearing Rocks of the Province of Minas Geraes, Brazil, 178.—C. D. 
Walcott. Description of a new Genus of the Order Eurypterida from the 
Utica Slate, 215.—H. Becquerel. Magnetic Properties of a Specimen of 
Nickeliferous Iron from St. Catarina, Brazil, with a note by J. L. Smith, 
229.—J. Le Conte. Origin of Jointed Structure in undisturbed Clay and 
Marl Deposits, 235.—O. C. Marsh. The Wings of Pterodactyles, 251. 
—A, A. Young. On Sandstones having the Grains in part Quartz Crys- 
tals, 257.—C. G. Rockwood, Jun. Notes on American EKarthquakes: 
No. XL, 257.—C. E. Dutton. Notice of Fisher’s Physics of the Earth’s 
Crust, 283.—B. K. Emerson. On a great Dyke of Foyaite or Eleolite- 
syenite cutting the Hudson-River Shales in North-western New Jersey, 
302.—-—O. A. Derby. Brazilian Specimens of Martite, 373.—B. K. 
Emerson. Dykes of Micaceous Diabase penetrating the Bed of Zinc-ore 
at Franklin Furnace, 376.—M. W. les. Occurrence of Smaltite at Colo- 
rado, 380.—M. W. Des. Vanadium in the Leadville Ores, 381.—C. A. 
White. Conditions attending the geological Descent of some Freshwater 
gill-bearing Mollusks, 382.—C. U. Shepard. New Minerals, Monetite 
and Monite, with a notice of Pyroclasite, 400.—W. Cross and W. F. Hille- 
brand. Onthe Minerals, mainly Zeolites, occurring in the Basalt of Table 
Mountain, near Golden, Colorado, 452.—N. H. Darton. Ona new Locality 
for Hayesine, 458.—J. M. Clarke. New Phyllopod Crustaceans from the 
Devonian of New York, 476. 


New York. American Museum of Natural History. Bulletin No. 1. 
1881. 

R. P. Whitfield. Description of a new Species of Crinoid from the 
Burlington Limestone at Burlington, Iowa, 7.—R. P. Whitfield. Re- 
marks on Dictyophyton, and Descriptions of new Species of allied Forms 
from the Keokuk Beds at Crawfordsville, Ind., 10—R. P. Whitfield. 
Observations on the Purposes of the embryonic Sheaths of Endoceras, and 
‘their Bearing on the Origin of the Siphon in the Orthocerata, 20. 


——. The Engineering and Mining Journal. Vols. xvi.— 
xxvii.; Vol. xxviii. Nos. 1-6, 8-26; Vol. xxix. Nos. 1-23: 
1873-1880. And Vol. xxxi. Nos. 1-11, 13-26, 1881. Pre- 
sented by Dr. C. Le Neve Foster, F.G.S. 
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New York. The Engineering and Mining Journal. Vol. xxxii. 
1881. Presented by Dr. C. Le Neve Foster, F.G.S. 

W. C. Bregger and H. H. Reusch. On the Occurrence of Apatite in 
Norway, 4.—A. Ashburner. Brazos Coal-field, Texas, 72, 89.—B. Silli- 
man. Mineralogical Notes, 154.—B. Silliman. Turquois of New Mexico, 
169.—The Oolithic Iron-ores of Luxembourg, 186.—Sir John Lubbock. 
Progress in Geology, 219.—M. E. Wadsworth. The Age of the Copper- 
beariny Rocks of Lake Superior, 271.—M. E. Wadsworth. The Origin 
of the Iron-ores of the Marquette District, 286.—The Mining of Anthra- 
cite Coal and its Distribution, 373. —The Formation of Coal, 373.—The 
Deer Creek Coal-fields, Arizona, 404.—J.S. Newberry. The Genesis and 
Distribution of Gold, 416, 4535. 


. Vol, xxxii. Nos. 1-23. 1882. ' Presented by Dr. 
C. Le Neve Foster, F.GS. 

M. W. Iles. Native Carbonate of Lead, 53.—W.C. Kerr. The “ Vol- 
cano” of Bald Mountain, 151.—Brazilian Diamonds and Carbons, 152.— 
Tints for indicating Materials in Drawings and Formations on Geological 
Maps, 142.—W. P. Blake. The Geology and Veins of Tombstone, Ari- 
zona, 145, 157, 231.—Strontianite, 171.—J. A. Church. The Geology 
and Veins of Tombstone, Arizona, 218.—Vanadium in Leadville Ores, 


237. 


Northwich. Salt Chamber of Commerce. 22nd and 23rd Reports 
of the Council, presented to the Chamber at the Annual Meeting 
held at Northwich 29th September 1881. 1881. Presented 
by C. L. De Rance, Esq., F.GLS. 


Nottingham Literary and Philosophical Society. Proceedings, 
1879-80. 1880. Presented by W. Whitaker, Esq., F.G.S. 
J. H.Jennings. On Sandstones, their Composition, Origin, and Colour- 
ing, 18. 


Palestine Exploration Fund. Quarterly Statement. 1869-70. 
6 AST 

—. ——. April, July, and October, 1872. 
—. ——. January, April, and July 1873. 
for 1874. 

for 1875. 

for 1876 

for 1877 

for 1878. 

for 1879. 

for 1880. 

All presented by W. H. Leighton, Esq., F.GS. 


Paris. Académie des Sciences. Comptes Rendus. Tome xcii. 
Nos. 20 & 26. 1881. 

A. Daubrée. Nouvelle rencontre de soufre natif dans le sol de Paris, 

1440.—H. Fayol. Etudes sur le terrain houiller de Commentry, sa for- 

mation attribuée a un charriage dans un lac profond, 1467. 
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Paris. Académie des Sciences. Comptes Rendus. Tome xciii. 
Nos. 1-26. 1881. 

A. Julien. Sur le synchronisme de la faune carbonifére marine de 
l’Ardoisiére (Allier) et de la flore anthracifére du Roannais et du Beaujo- 
lais, 99.—G. Rolland. Sur le terrain crétacé du Sahara septentrional, 
167.—A. Carnot. Sur une bréche voleanique susceptible détre utilisée 
comme amendement agricole, 222.—Dieulafait. L’acide borique, son 
existence dans les lacs salés de la période moderne et dans les eaux salines 
naturelles, 224.—D. Klein. Sur une solution de densité 3:28, propre a 
Yanalyse immédiate des roches, 318.—A. Daubrée. Cuivre sulfuré cris- 
tallisé (cupréine), formé aux dépens de médailles antiques, en dehors de 
sources thermales, & Flines-les-Roches, département du Nord, 572.—F. 
Fouqué et M. Lévy. Expériences synthétiques relatives a la reproduction 
artificielle des météorites, 674.—St. Meunier. Péridot artificiel produit en 
présence de la vapeur d’eau, & la pression ordinaire, 737.—A. Caraven- 
Cachin. Découverte du gypse dans les couches du tertiaire é0céne supé- 
rieur du Tarn, 753.—P. Hautefeuille. Observations cristallographiques 
sur une variété de blende naturelle, 774.—Dieulafait. Les bauxites, leurs 
ages, leur origine ; diffusion compléte du titane et du vanadium dans les 
roches de la formation primordiale, 804A. Gaudry. Sur un gisement 
de Rennes auprés de Paris, 819.—C. Lory. Observations sur le role des 
failles dans la structure géologique des Alpes occidentales, 821—P. Hau- 
tefeuille. Sur la cristallisation des sulfures de cadmium et de zine, 824. 
—A. De Quatrefages. L’homme fossile de Lagoa-Santa (Brésil) et ses 
descendants actuels, 882.—Gorceix. Sur les gisements diamantiféres de 
Minas-Géraés (Brésil), 981.—W. L. Green. Observations sur la der- 
niére éruption du Mauna-Loa, de novembre 1880 a aott 1881, 1037.— 
KE. Blanchard. Les preuves de la formation récente de la Méditerranée, 
1042.—A. Milne-Edwards. Observations relatives & la communication 
de M. E. Blanchard, 1048.—Grand’Eury. Sur l’age du calcaire carboni- 
fére de l’Oural central, 1093.—A. Daubrée. Remarques au sujet des 
communications de MM. E. Blanchard et A. Milne-Edwards, 1050.—A. 
Daubrée. Classification des cassures de divers ordres (lithoclase) que 
présente l’écorce terrestre, 1106.—E. Blanchard. Réponse aux observa- 
tions de M. Daubrée, 1116.—E. Hébert. Observations sur l'état de la 
Méditerranée 4 la fin de l’6poque tertiaire, 1117.—J. L. Soret. Sur les 
travaux de la Commission seismologique suisse et sur les tremblements de 
terre récemment ressentis en Savoie, 1130.—B. Renault. Sur les Sphe- 
nozamites, 1165.—C. Vogt. Sur les prétendus organismes des météorites, 
1166. 


—— os, ————, Tables du tome xc... 183s1. 


: . —. Tome xciv. Nos. 1-19, 21-24. 1882. 

A. M. Lévy. Sur ies positions d’intensité lumineuse égale dans les 
cristaux maclés, entre les nicols croisés, et application a l'étude des 
bandes concentriques des feldspaths, 93.—A. de Schulten. Sur la re- 
production artificielle de l’analcime, 96.—H. Filhol. Découverte de quel- 
ques nouveaux genres de mammiféres fossiles dans les dépots de phos- 
phate de chaux du Quercy, 138.—Metchnikoft. Contributions a la con- 
naissance géologique du Japon, 146.—M. Lévy. Sur les bandes concen- 
triques des feldspaths, 178.—L. Bourgeois. Essai de reproduction de la . 
wollastonite et de la méionite, 228.—A.Cossa. Sur la hiératite, nouvelle 
espéce minéralogique, 457.—G. Cotteau. Sur les Echinides fossiles de 
Vile de Cuba, 461.—B. Renault. Sur les Astérophyllites, 463.—A. M. 
Lévy. Sur la nature des sphérolithes faisant partie intégrale des roches 
éruptives, 464.—Bleicher. Sur la découverte du terrain carbonifére 
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marin en haute Alsace, 466.—H. Bertrand. Sur les propriétés optiques 
des corps cristallisés présentant la forme sphérolithique, 542.—H. Filhol. 
Rapports géologiques et zoologiques de l’ile Campbell, avec les terres 
australes avoisinantes, 563,—L. Ricciardi. Analyse d’une cendre vol- 
canigue rejetée par VEtna le 23 janvier 1882, 586.—L. Dieulafait. 
Roches ophitiques des Pyrénées, 667.—Gruner. Mode de formation du 
bassin houiller de la Loire ; causes -qui modifient, en divers points, la 
nature des houilles, 749.—M. Lévy et L. Bourgeois. Sur les formes 
cristallines de la zircon et sur les déductions 4 en tirer pour la détermi- 
nation qualitative du zircon, 812.—G. de Saporta. Sur quelques types 
de végétaux récemment observés a l’état fossile, 922.—A. de Schulten. 
Sur la production artificielle d’un silicate hydraté cristallisé, 992.—C. 
Vélain. Sur la hmite entre le lias et Voolithe inférieur d’aprés des 
documents laissés par Henri Hermite, 995.—J. Thoulet. Recherches 
expérimentales sur la conductibilité thermique des minéraux et des roches, 
1047.—Virlet d’Aoust. Observations a propos d’une communication 
récente de M. Dieulafait, sur les roches ophitiques des Pyrénées, 1066,— 
G. Cotteau. Sur les Kchinides de l’étage sénonien de Algérie, 1129.— 
Lemoine. Sur /’encéphale de l’Arctocyon Due et du Pleuraspidothe- 
rium Aumoniert, mammiféres de l’éocéne inférieur des environs de Reims, 
1131.—A. M. Lévy. Sur les noyaux a polychroisme intense du mica 
noir, 1196.—H. Filhol. Observations relatives 4 un groupe de Suidés 
fossiles dont la dentition posséde quelques. caractéres simiens, 1258.—E. 
Riviere. La grotte Lympia, 1265—N. E. Sauvage. Sur les Reptiles 
trouvés dans le gault de lest de la France, 1265.—L. Ricciardi. Compo- 
sition chimique de la cendre lancée par le Vésuve le 25 février 1882, 1321. 
—A. Torcapel. Sur un gisement de mammiféres tertiaires 4 Aubignas 
(Ardéche), 1455.—A Torcarpel. Sur les alluvions sous-basaltiques des 
Coirons (Ardéche), 1609. 


Paris. Annales des Mines. Série 7. Tome xix. 2° et 3° livr. de 
Bol. VSL: 

‘ Delesse. Recherches sur les eaux de la Savoie, 161.—Domeyko. 

Note sur le nitre jaune, nommé vulgairement “ Caliche azufrado,” et sur 

la huantajaite, 325.—Domeyko. Notice sur les progrés de la minéralogie 

du Chili, de la Bolivie, du Pézvou, et des provinces Argentines, 333.—C. 

Lallemand. Les lignites dans le nord de la Bohéme, 350. 


——. Tomexx. 4°-6°livr.de 1881. 1881. 


perio: o.' Tomei, 2 livrrde 1882." 1882: 


Grand’Eury. Mémoire sur la formation de la houille, 99. 


——. Annales des Sciences Géologiques. Tome xi. Nos. 3-6. 
1881. Presented by Prof. A. Milne-Edwards. 

A. Milne-Edwards. Note sur quelques Crustacés des environs de 
Biarritz, No. 2.—E. Sauvage. Nouvelles recherches sur les Poissons fos- 
siles recuellis par M. Alby a Licata en Sicile, No. 3—E. Hébert. Nomen- 
clature et classification géologique, No. 4.—A. Milne-Edwards. Note 
sur un Crustacé fossile du genre Ewmorphaciea provenant des terrains ter- 
tiaires inférieurs des Basses-Pyrénées, No. 467s.—J. R. Bourguignat. 
Histoire malacologique de la colline de Sansan, précédée d’une notice 

éologique et suivie d’un apercu climatologique et topographique de 

ansan a l’époque des dépots de cette colline, No. 5. 


ss, ee, ty Purchased. 


- 276 ADDITIONS TO THE LIBRARY. 


Paris. Annales des Sciences Géologiques. Tome xu. Nos. 1-4. 
1881. Presented by Prof. A. Milne-Edwards. 

B. Renault. Etude sur les Stigmaria; rhizomes et racines de Sigil- 
laires, No. 1.—A. Milne-Edwards. Note sur un crustacé du terrain cré- 
tacé appartenant au genre Porcellana, No. 1 b’s.—(éhlert. Note sur le 
caleaire de Montjean et Chalonnes (Maine-et-Loire), No. 2.—H. Filhol. 
Etude sur les Mammiféres fossiles de Ronzon (Haute-Loire), No. 3. 


——, Purchased. 


» Tome xin. No. 1. 1881. Presented by Prag 
A, Milne-Edwards. 

G. Vasseur. Recherches géologiques sur les terrains tertiaires de la 
France occidentale, No. 1. 


mettle’, Geng eee | ek" Pappohmsed. 


—. Annales des Sciences Naturelles. Série 6. Zoologie et Pa- 
léontologie. Tome xi. Nos. 2-6. 1881. Purchased. 


———, ———, Tome xn. Nos. 1-6. Beeieeeeeee 


chased. 
H. Milne-Edwards. Compte-rendu des nouvelles recherches de M. 
Walcott sur la structure des Trilobites, No. 3. 


Journal de Conchyliologie. Série 3. Tome xxi. Nos. 2-4. 
1881. Purchased. 

M.Cossmann. Description despéces inédites du bassin Parisien, 167. 
—J. Depontallier. Diagnoses d’espéces nouvelles du pliocéne des Alpes- 
Maritimes, 178. 


: Tome xxii. No.1. 1882. Purchased. 

H. Crosse. Les Pleurotomaires de l’époque actuelle, 5.—P. Fischer. 
Sur la classification des Céphalopodes, 55.—R. Tournouér. Description 
d’un nouveau genre de Cardiide fossiles des “ couches 4 Congéries” de 
l'Europe orientale, 58.—R. Tournouér. Description d’un nouveau genre 
de Melanopsidine fossiles des terrains tertiaires supérieurs de l’Algérie, 
59.—P. Fischer. Diagnosis generis novi Pteropodum fossilium, 50, 


——, Muséum d’Histoire Naturelle. Nouvelles Archives. Série 2. 
Tome iv. 1881. 


: . Rapports Annuels de MM. les Professeurs et Chefs 
de Service, 1879. 1880. 


os, ees, 1880: “1680, 
——. Revue Scientifique. Série3. Tome xxvii. No. 26. 1881. 
Tome xxvill. Nos. 1-27. 1881. 


Revue de Paléontologie, 150.—C. Barrois. Les hauts plateaux de 
l'Utah, 171.—L. Carez. Etudes sur les terrains crétacés et tertiaires au 
nord de l’Espagne, 272.—G. Vasseur. Les terrains tertiaires de la France 
occidentale, 375.—F. Sigismond. La région miniére de Dombrova, 514. 


; Tome xxix. Nos. 1-24. 1882. 

Zaborowski. De Vage de la formation Pampéenne et de quelques-uns 
des débris humains que contiennent ses couches, 83.—F. Fouqué. La 
reproduction artificielle des roches éruptives, 133.—Revue de Paléonto- 
logie, 496.—H. Gorceix. Les diamants et les pierres précieuses du Brésil, 
553.—T. Huxley. L’origine et les progrés de la paléontologie, 609. 


Ct pe a » 


a ee 


ted as te ee ee ere 


ADDITIONS TO THE LIBRARY. 277 


Paris. Société Géologique de France. Bulletin. Série 3. Tome vii. 
(1879). Nos.9 & 10. 1880-81. 

N. de Mercey. Sur la position des sables de Sinceny, 579.—A. Rutot. 
Eocéne et Oligocéne, 582.—H. Arnaud. Profil du chemin de fer de 
Saint-Jean-d’Angely entre Grandgent et Taillebourg, 588.—De Lacvivier. 
Note sur le gauit du département de l’Ariége, 592.—Potier. Note sur 
les gypses de l’ancien comté de Nice, 603.—Potier. Note sur certains 
oneiss des environs de Fréjus, 606.—N. de Mercey. Derniéres observa- 
tions sur la position des couches de Sinceny, 610.—A. de Lapparent. Le 
terrain crétacé inférieur dans les Ardennes, 613.—L. Carez et M. Mou- 
thiers. Observations sur le Mont des Récollets, auprés de Cassel, 620.— 
L. Carez. Description d’espéces nouvelles des terrains tertiaires du bas- 
sin de Paris, 637.—L. Carez. Sur les sables moyens aux environs de 
Chateau-Thierry, 641.—Munier-Chalmas. Sur les algues calcaires con- 
fondues avec les foraminiféres et appartenant au groupe des Siphonées 
dichotomes, 661.—C. Lory. Note sur un gisement de poissons fossiles 
dans les marnes aptiennes de Rosans (Hautes-Alpes), 677.—D. Hollande. 
Lémenc et le Nivolet, au nord de Chambéry (Savoie), 678.—D. Hollande. 
Sur la limite des terrains jurassique et crétacé au sud de Chambéry 
(Savoie), 686.—D. Hollande. Analyse des eaux de la Boisse, 692.—H. E. 
Sauvage. Sur le genre Vachimosaure, 693.—Céhlert et Davoust. Sur 
le dévonien du département de la Sarthe, 697.—De Lacvivier. Note 
sur le crétacé supérieur du département de l’Ariége, 718.—J. Cornuel. 
Observations sur les puits naturels des calcaires portlandiens des départe- 
ments de la Haute-Marne et de la Meuse, et sur le minerai de fer qu’ils 
renferment, 722.—K. Hébert. Sur la présence & Saint-Germain-en-Laye 
des lignites du Soissonnais, 739.—Vasseur. Terrains tertiaires du Co- 
tentin, 741.—Tardy. De la présence de quelques vestiges d’anciens 
glaciers dans le Beaujolais, et de l’age de la moraine de Sainte-Cécile-la- 
Valouse (vallée de la Grosne), 744. 


—. ——. ——. Série3. Tome vii. (1880). Nos. 2-6. 1881. 

E. Hébert. Sur le terrain crétacé des Corbiéres, 87.—Péron. Nou- 
velles observations au sujét de la classification du terrain crétacé supérieur 
du midi, 88.—A. Toucas. Réponse aux observations de M. Hébert, 106.— 
M. Chaper. Notes sur quelques faits observés dans le massif de l’Oural 
entre le 58° et le 59° degré de latitude nord, 110.—H. Trautschold. Sur la 
variabilité du niveau de l’Océan, 134.—J. Cornuel. Note sur de nouveaux 
débris de Pycnodontes portlandiens et néocomiens de l’est du bassin de Paris, 
150.—F. Cuvier. Sur l'érosion des roches par les cours d’eau, 163.—G. 
F. Dollfus. Contribution a la stratigraphie parisienne, 171.—L. Carez. 
Observations sur la communication de M. G. Dollfus, 194.—R. Zeiller. 
Note sur quelques plantes fossiles du terrain permien de la Corréze, 196,— 
D. Hollande. Les terrains du Nivolet, au nord de Chambéry, du Mont de 
Lépine et du Mont du Chat, 212.—E. Hébert. Lettre au Président de 
la Société sur le Congrés géologique international, 221.—Bleicher. Note 
sur la découverte d’un horizon fossilifére & Poissons, Insectes, Plantes, 
dans le tongrien de la Haute-Alsace, 222.—Desor et Tournouér. Sur 
les coquilles marines de la région des chotts algériens, 231.—De Chau- 
courtois. Sur Vunification des figures géologiques, 235.—H. Douvillé. 
Note sur /’ Ammonites pseudo-anceps et sur la forme de son ouverture, 239. 
—L. Carez.. Coupe du chemin de fer de Montsoult & Luzarches (tranchée 
de Belloy), 249.—C. Barrois. Note sur des fossiles de Cathervieille, 266, 
—D. Gthlert. Note sur le calcaire de Saint-Roch, a Changé, prés Laval, 
270.—D. Gthlert. Note sur un nouvel horizon dans le terrain dévonien 
du département de Maine-et-Loire, 276.—P. Fischer. Note sur un nou- 
veau genre de mammifére fossile (Apterodon Gaudryi) des phosphorites 


278 ADDITIONS TO THE LIBRARY. 


du Quercy, 288.—G. Vasseur. Sur le genre Velainel/ia, 290.—Munier- 
Chalmas. Sur le genre Vasseuria, 291.—René Bréon. Présence du 
nickel et du rutile dans le filon de pyrite de Chizeuil (Saéne-et-Loire), 
291.—Tournouér. Sur la synonymie de quelques huitres miocénes, carac- 
téristiques de l’étage de Bazas, 294.—G. Cotteau. Sur les Salénidées du 
terrain jurassique, 297.—Bleicher. Recherches sur les terrains antérieurs 
au jurassique dans la province d’Oran, 303.—V. Payot. Note sur la pro- 
gression des glaciers en 1880, 310.—A. Coquand. Existence de létage 
carentonien dans la craie moyenne du Nord de la France, du bassin a 
Paris et de ]’Angleterre, 311.—Morel de Glasville. Note sur le Steneo- 
saurus Heberti, 318.—N. de Mercey. Quelques mots sur le quaternaire 
ancien, 330.—L. de Sarran d’Allard. Note sur une course géologique 
aux environs d’Alais, 335,—Dagincourt. Couche a poissons & la base du 
lias supérieur aux environs de Saint-Amand (Cher), 355.—E. Nivoit. 
De acide phosphorique dans les terrains de transition et dans le lias des 
Ardennes, 357.—Péron. Sur les Kchinides fossiles de Algérie, 366.— 
A. Caraven-Cachin. Description d’un fragment de crane de Crocodilus 
Rollinati des grés éocénes du Tarn, 368.—N. de Mercey. Sur la théorie 
du quaternaire ancien dans le Nord de la France, 390.—Tardy. Une ex- 
cursion aux environs de Montmorency, 385.—L. de Laubriére et L. Carez. 
Sur les sables de Brasles (Aisne), 391.—Terquem. Observations sur quel- 
ques fossiles des 6poques primaires, 414.—C. Brongniart. Note sur les 
tufs quaternaires de Bernouville prés Gisors (Eure), 418.—Tardy. Cal- 
caires lacustres de la Bresse (gite de Couzance), 420.—N. de Mercey. 
Remarques sur les systémes de la Basse-Somme et de la Basse-Oise et sur 
leurs rapports avec la structure et le relief du sol dans une partie du nord 
de la France, &l’occasion des indications de M. Daubrée, 422.—E. Sauvage. 
Notice sur les poissons tertiaires de Céreste (Basses- Alps), 439.—L. Carez. 
Sur l’étage du gypse aux environs de Chateau-Thierry, 462.—A. Daubrée. 
Sur les réseaux de cassures ou diaclases qui coupent la série des terrains 
stratifiés : exemples fournis par les environs de Paris, 468. 


Paris. Socicté Géologique de France. Bulletin. Serie 3. Tome ix. 
(1881). Nos. 1-6. 1881. ; 

A. Gaudry. Extrait d'une lettre de M. l’abbé Pouech, sur un nouveau 
gisement de reptiles, au N.-E. de Capens, 15.—A. Gaudry. Sur les Go- 
niolina, 16.—A. Gaudry. Note sur un reptile trés perfectionné, trouvé ° 
dans le terrain permien, 17.—J. Marcou. Sur les colonies dans les roches 
taconiques des bords du lac Champlain, 18.—De Cossigny. Sur l’origine 
des silex de la craie, 47.—Potier, Note sur la prétendue présence d’un 
gisement palzeothérien dans la commune de l’Escaréne (Alpes-Maritimes), 
58.—C. Lory. Note sur le terrain crétacé supérieur de l’Isére, 58.—E. 
Hébert. Le terrain crétacé des Pyrénées, 62.—L. Carez. Quelques 
mots sur le terrain crétacé du nord de ]’Espagne, 75.—E. Roche. Sur 
les fossiles du terrain permien d’Autun (Sadne-et-Loire), 78.—L. Vaillant. 
Remarques sur les dépots marins de la période actuelle au point de vue 
du synchronisme des couches, 85.—Pouech. Sur un ossement fossile 
supposé appartenir 4 un mammifére trouvé dans les grés crétacés du 
Mas d'Azil (Ariége), 88.—N. de Mercey. Dates de publication des travaux 
sur le crétacé supérieur, 91.—G. F. Dollfus. Notes géologiques sur le 
nouveau chemin de fer de Beaumont-sur-Oise 4 Hermes, 92.—Cotteau. 
La section de’Géologie du Congrés de 1’ Association francaise pour l’avance- 
ment des sciences 4 Reims, 107.—C. Barrois. Réponse aux observations 
de M. Meugy, 110.—G. F. Dollfus. Essai sur la détermination de lage 
du soulevement du Pays de Bray, 112.—Gourdon. Notes Minéralogiques 
sur les Pyrénées, 156.—Lebesconte. Note sur la faille de Pontpéan, 157, 
—P. W.Stuart Menteath. Note préliminaire sur la géologie des Pyrénées 
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de la Navarre, du Guipuzcoa et du Labourd, 158, 304.—G. de Saporta. Sur 
le cours de Botanique fossile fait au Muséum d’Histoire naturelle, 160.— 
A. Gaudry. Sur les nouveaux fossiles que M. Lemoine a découverts prés de 
Reims, 168.—O. Reilly. Sur les directions des failles, 169.—De la Harpe. 
Sur l’importance de la loge centrale chez les Nummulites, 171.—Tour- 
nouér. Observations sur la communication précédente, 176.—Munier- 
Chalmas. Observations sur la communication de M. de la Harpe, 178.— 
E. Hébert. Le terrain pénéen de la Rhune et l’étage corallien des Py- 
rénées, 179.—M. Lévy. Sur les schistes micacés de Saint-Léon (Aller), 
181.—E. Jannettaz. Mémoires sur les connexions de la propagation de 
la chaleur avec les différents clivages et avec les mouvements du sol qui 
les ont produits, 196.—De Boury. Les tufs quaternaires de Seraincourt 
(Seine-et-Oise), 211.—Cotteau. Note sur les Echinides des terrains ter- 
tiaires de la Belgique, 214.—Parrain. Note sur une source minérale 
rencontrée dans une galerie des houilléres de Gagniéres (Gard), 221.— 
Dagincourt. Note sur la géologie des environs de Saint-Amand (Cher), 
225.—Ameghino. Le quaternaire de Chelles, 242.—J. Wohlgemuth. 
Contact du bathonien et du callovien sur le bord oriental du bassin de 
Paris (Haute-Marne, Vosges, Meuse, Meurthe-et-Moselle), 258.—A. de 
Grossouvre. Note sur le métamorphisme des calcaires Jurassiques au 
voisinage des gisements sidérolithiques, 277.—F. Pommerol. Age des 
tufs bitumineux et basaltiques de la Limagne, 282.—H. Bureau. Pré- 
mices de la flore éocéne du Bois-Gouét (Loire-Inférieure), 286.—G. 
F. Dollfus. ‘Les Phénoménes d’altérations des dépdts superficiels par 
Vinfiltration des eaux météoriques” par M. Van den Broeck, 295.— 
A. Gaudry. “L’Evolution du régne vegetal: les Cryptogames,” par 
MM. de Saporta et Marion, 300.—René Bréon. Note sur les forma- 
tions volcaniques de l’Islande, 334A. de Lapparent. Allocution 
présidentielle, 345.—Lemoine. Faune éocéne des environs de Reims, 
345.—P. Rey-Lescure. Note sur la géologie générale de l’Hspagne et sur 
la carte de M. de Botella, 346.—L. Carez. Observations sur quelques 
points de la géologie de l’Espagne, a propos de la carte de M. de Botella, 
357.—L. Pillet. Carte géologique articulée de la Savoie, 359.—L. Pillet. 
Sur les couches & <Aptychus de Lemenc (Savoie), 361.—A. Guillier. 
Note sur les Lingules du grés armoricain de la Sarthe, 372.—De Lau- 
briére. Description d’espéces nouvelles du bassin de Paris, 377.—Toucas. 
Note sur la craie supérieure des environs de Sougraigne, 385.—H. Douvillé. 
Sur la position du calcaire de Montabuzard, 392.—C. Velain. Notes 
géologiques sur la Haute-Guyane d’aprés les explorations du Dr. Crevaux, 
396.—H. Arnaud. Synchronisme du turonien dans le sud-ouest et dans 
le midi de la France, 417.—Péron. Note sur le septiéme fascicule des 
“ Kchinides d’Algérie,” 456. H. Douvillé. Note sur la partie moyenne 
du terrain jurassique dans le bassin de Paris et sur le terrain corallien en 
particulier, 459.—C, Vélain. Note sur la géologie de quelques provinces 
de la Chine, 474.—A. Caraven-Cachin. De l’ancienneté de 1’ Elephas 
promgenius dans le Tarn, 475.—G. F. Dollfus. Découverte de la dolomie 
dans les sables parisiens moyens, 480.—L. Carez. Réponse a M. G. 
Dollfus, 483.—Tardy. Nouvelle étude sur le dernier diluvyium quater- 
naire, 486.—J. Lambert. Note sur les sables oligocénes des environs 
d’Etampes, 496.—-De Lacvivier. Note sur les terrains primaires du Mor- 
bihan, 503.—G. Rolland. Sur le terrain crétacé du Sahara septentrional, 
508.—L. de Sarran d’Allard. Au sujet de l’étude de M. A. Jeanjean sur 
Voxfordien supérieur, le corallien et le néocomien inférieur dans les Cé- 
vennes, 552.—A. Daubrée. Caractéres géométriques des diaclases dans 
quelques localités des Alpes suisses et des régions adjacentes, 559. 
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Paris. Société Géologique de France. Memoires. Tome ii. Nos. 
Ve 2. Sissies 1682, 
D. CGéblert. Documents pour servir 4 ]’étude des faunes dévoniennes 
dans l’ouest de la France, No. 1.—J. de Morgan. Mémoire sur les ter- 
rains crétacés de la Scandinavie, No. 2. 


Penzance. Royal Geological Society of Cornwall. Transactions. 
Vols. Pata. se7. 

C. Le Neve Foster. On the Occurrence of Cobalt Ore in Flintshire, 107. 
—R. J. Frecheville. Description of Besshi Copper Mine, in Japan, 113.— 
W. Warington Smyth. The Duchy Peru Lode, Perranzabuloe, 120.—N. 
Whitley. The Evidence of Glacial Action in Cornwall and Devon, 132. 


Philadelphia. Academy of Natural Sciences. Proceedings; 1881, 
Parts 1-3. 1881. 

A. Heilprin. Notes on the Tertiary Geology of the Southern United 
States, 151.—C. Wachsmuth and F. Springer. Revision of the Pale- 
ocrinoidea, Part I., 177.—A. Heilprin. A Revision of the Cis-Missis- 
sippi Tertiary Pectens of the United States, 416.—A. Heilprin. Remarks 
on the Molluscan Genera Mippagus, Verticordia, and Pecchioha, 423.— 
A. Heilprin. Note on the approximate Position of the Eocene Deposits 
of Maryland, 444.—A. Heilprin. A Reyision of the Tertiary Species of 
Arca of the Eastern and Southern United States, 448. 


——. American Philosophical Society. Proceedings. Vol. xix. 
Nos. 107-109. 1880-81. 

HK. D. Cope. Second Contribution to the History of the Vertebrata of 
the Permian of Texas, 38.—E. D. Cope. On certain Tertiary Strata of 
the Great Basin, 60.—E. D. Cope. On the Genera of the Creodonta, 76. 
—J. J. Stevenson. Notes respecting a Reéroded Channel-way, 84.—J. J. 
Stevenson. Notes on the Geology of Wise, Lee, and Scott Counties, 
Virginia, 88.—H. G. Jones. Section of the Cumberland Coal Basin, 111.— 
H. C, Lewis. On a Kitchen-heap at Saltville, in South-western Virginia, 
155.—J. P. Lesley. Objections to the recent Age of the Virginia Faults. 
155.—A. 8S. McCreath. Analysis of a pwre Dolomite from Franklin 
County, 197.—J. C. White. Notes on the Place of the Sharon Conglo- 
merate in the Paleozoic Series, 198.—J. J. Stevenson. A Geological 
Reconnaissance of Parts of Lee, Wise, Scott, and Washington Counties, 
Va., 219.—P. E. Chase. Photodynamic Notes, 262.—J. J. Stevenson. 
The Upper Freeport Coal-bed in Preston County, W. Va., 276.—Leo 
Lesquereux. On a “Cours de botanique fossile” by Prof. M. B. Re- 
nault, 287.—J. W. Spencer. Discovery of the preglacial Outlet of the 
Basin of Lake Erie into that of Lake Ontario, and Notes on the Origin of 
our lower great Lakes, 300.—C. A. Ashburner. Geological Section at 
St. Mary’s, Elk County, Pa., 337—-W. M. Fontaine. On the Saltville 
Fault, 349.—E. D. Cope. The Systematic Arrangement of the Order 
Perissodactyla, 377.—K. D. Cope. On the Structure of the Posterior 
Foot of Toxodon, 402.—J. C. White. Notes on the Geology of West 
Virginia, 438.—G. A. Konig. On Alaskaite, a new Member of the 
Series of Bismuth Sulphosalts, 472.—H. M. Chance. The Auriferous 
Gravels of North Carolina, 477.E. D. Cope. On some Mammalia of the 
Lowest Eocene Beds of New Mexico, 484.—J. J. Stevenson. Notes on 
the Quinnimont Coal Group in Mercer Co. of West Virginia and Taze- 
well Co. of Virginia, 498.—J. J. Stevenson. Notes on the Coal-field near 
Canon City, Colorado, 505. 


———, ——. Transactions. N.S. Vol. xy. Part 3: doe 
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Photographie Society of Great Britain. Journal and Transactions. 
N.S. Vol. vi. Nos. 1-9. 1881-82. 


Physical Society of London. Proceedings. Vol. iv. Parts 3-5. 
1881. | 
S. P. Thompson. On the Opacity of Tourmaline Crystals, 289. 


Pisa. Societa toscana di Scienze Naturali. Atti. Memorie. Vol. v. 
msc... 188i. 

G. Peruzzi. Osservazioni sui generi Palecdictyon e Paleomeandron dei 
terreni cretacei ed eocenici dell’ Appennino settentrionale e centrale, 3.— 
C. De Stefani. Molluschi continentali fino ad ora notati in Italia nei 
terreni pliocenici, ed ordinamento di questi ultimi, 9.—G. Acconci. Sopra 
una caverna fossilifera scoperta a Cucigliana (Monti Pisani), 109.—R. 
Lawley. Selache Manzoni, n. sp. Denti fossili della molassa miocenica del 
Monte Titano (Repubblica diSan Marino), 167.—A. Manzoni. Spugnesili- 
cee del la molassa miocenica del Bolognese, 173.—C. De Stefani. Quadro 
comprensivo dei terreni che costituiscono l’Appennino settentrionale, 206. 


: : . Processiverbali. Vol.ii.pp. 233-256. 1879-80. 

G. Meneghini. Ulteriori notizie sui Trilobiti di Sardegna e sui fossili 
paleozoici delle Alpi apuane, 234.—D. Pantanelli. Note di micropale- 
ontologia e micropetrografia, 237.—A. D’Achiardi. Coralli fossili di Asolo, 
239.—L. Busatti. Alcuni minerali dell’ Elba, 243.—C. De Stefani. 
Schiarimenti sopra alcuni terreni intorno Civitavecchia, 249.—C. De Ste- 
fani. Pieghe dei terreni apuani fra I’ infralias ed il terziario, 251. 


: ; Vol. in. pp. 1-92. 1881-82. 

C. De Stefani. La zona marmifera delle Alpi apuane secondo eli studi 
dell’ ufficio geologico e secondo i miei, 3.—M. Canavari. Gli schisti a 
fucoidi e gli schisti bituminosi che spesso li accompagnano dell’ Appennino 
centrale. Una Radiolites del Suavicino, 6.—M. Canavari e C. F. Parona. 
Brachiopodi oolitici del monte La Grappa di San Vigilio e della Croce di 
Sezan, 7.—C. De Stefani. I profili geometrici dell’ Ufficio geologico 
d'Italia nelle Alpi apuane, 8.—C. De Stefani. Carta e sezioni geologiche 
della Alpi apuane in grande scala, 21.—L. Busatti. Brevi notizie sulle 
rocce dei dintorni di Scansano in Provincia di Grosseto, 42.—Forsyth 
Major et L. Busatti. Di una breccia ossifera sul Monte Argentario, 45,— 
D. Pantanelli. Lithothamnion terziari, 52.—Pezuzzi. Notizie sui resti 
di Elephas antiquus trovati nel cantiere Orlando a Livorno, 63.—B. Lotti. 
Sul valore stratigrafico delle formazioni eoceniche nei dintorni delle 
Alpi apuane e sui loro rapporti colle sottostanti cretacee, 66.—Lotti e 
Zaccagna. Seguito e chiusura, per parte nostra della polemica col dott. 
©. De Stefani, 77.—C. De Stefani. Sui nuovi profili geometrici delle Alpi 
apuane pubblicati dal’ Ufficio geologico, 80.—C. De Stefani. Rassegna 
del mio lavoro intitolato “ Considerazioni sopra le rocce pit antiche delle 
Alpi apuane e del Monte Pisano,” 80. 


Plymouth. Devonshire Association for the Advancement of Science, 
Literature, and Art. Transactions. Vol. xiii. 1881. 

W. A. E. Ussher. On the Geology of Dawlish, 150.—G. W. Ormerod. 
The Trias at Dawlish, 159.—A. R. Hunt. Notes on the Submarine 
Geology of the English Channel off the Coast of South Devon, Part 2., 
163.—W. Downes. On the Occurrence of Upper Devonian Fossils in the 
component Fragments of the Trias near Tiverton, 295.—A. R. Hunt. On 
Exposures of the Submerged Forest Clays at Paignton and Blackpool 
Beaches, in April 1881, 344.—R. N. Worth. On Glacial Conditions in 
Devon, 351.—W. Pengelly. Notes on recent Notices of the Geology and | 
Paleontology of Devonshire, Part 7., 359. 
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Plymouth Institution. Transactions. Vol. vii. Part 3. 1881. 


Popular Science Review. New Series. Vol. v. Nos. 19 & 20. 


1881. Purchased. 
T. V. Holmes. The Blackheath Subsidences, 235.—H. Hicks. The 
Classification of the Eozoic and Lower Paleozoic Rocks of the British 
Isles, 289.—C. Dufour. On the Retreat of the European Glaciers, 317. 


Princeton, N.J. Museum of Geology and Archeology of the College 

of New Jersey. Contributions. Vol.1. No.1. 1881. (4to.) 

H. F. Osborn. A memoir upon Lovolophodon and Uintatherium, 

accompanied by a stratigraphical Report of the Bridger Beds in the 
Washakie Basin, 1. 


Quekett Microscopical Club. Journal. Vol. vi. Nos. 47 & 48. 
1881. 
——. Second Series. Vol.i. No. 1. 1882. 
H. Hensoldt. On Fluid Cavities in Meteorites, 1. 
——. -——. General Index to Series 1, Vols. ivi. (1868-81). 
1882. 


Rome. Accademia Pontificia de’ Nuovi Lincei. Atti. Tomo i. 
(1847-48). 1851. 
G. Ponzi. Osservazioni veologiche, fatte lungo la valle latina, da Roma 
a Montecassino, 182. 
— ——. —. Tomo. (1849). 1867. 
G. Ponzi. Storia fisica del bacino di Roma, 27. 


——. ——. Tomo ii. (1849-50). 1878. 


a Tomo iv. (1850-51). 1852. 

G. Ponzi. Sopra un nuovo cratere vulcanico nelle vicinanze di Roma, 
116.—G. Ponzi. Descrizione della carte geologica della provincia di 
Viterbo, 153.—G. Ponzi. Sulle sperienze fatte a Milano dal prof. Paolo 
Gorini, a dimostrazione delle sue teoriche sulla formazione delle montagne, 
e sulla origine dei terremoti, 668. 


—. Tomo v. (1851-52). 1852-54. 
G. Ponzi. Sopra un nuovo cono vuleanico rinvenuto nella Val di Cona, 
263. 


—.. : Tomo vi. (1852-53). 1855-56. 

G. Ponzi. Nota sui terremoti avvenuti in Frascati, nel mese dimaggio ~ 
e giueno 1855, 230.—G. Ponzi. Sopra la grotta di Collepardo, 473. 
—-. ——. Tomo vii. (1853-54). 1856-67. 
——. Tomo vill. e ix. ae 1874. 
= Tomo x. (1856-57). 1857 


G. Ponzi. “Sulla eruzione solforosa avvenuta nei ‘eid 28, 29, 30 
ottobre 1856 sotto il paese di Leprignano, nella contrada denominata il 


Lagopuzzo, 71. 


———_——_ ————_ 
. 


: . Tomo xi. (1857-58). 1857-58. 

G. Ponzi. Sulla origine dell’ alluminite e caolino della Tolfa, 339.— 
G. Ponzi. Sui lavori della strada ferrata di Civitavecchia da Roma alla 
Mageliana, 377. 
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Rome. Aceademia Pontificia de’ Nuovi Lincei. Atti. Tomo xii. 
(1858-59). 1858-59. 
G. Ponzi. Nota sulle correnti di lava scoperte dal taglio della ferrovia 
di Albano, 113. 


— 
. 


. ——. Tomo xii. (1859-60). 1860. 
—. ——. ——. Tomo xiv. (1860-61). 1861. 
Tomo xv. (1861-62). 1862. 
G. Ponzi. Catalogo ragionato di una collezione di materiali da costru- 
zione dello Stato Pontificio, da esibirsi all’ Hsposizione universale di Londra 


dal Ministero del Commercio, Industria, e Lavori pubblici, nell’ anno 1862, 
153. 


Tenn xvi. (1862-63). 1863. 


G. Ponzi. Osservazioni geologiche sui vulcani Sabatini, 845. 


=. lomo xvi. (1863-62).7 VSG: 
G. Ponzi. Sui diversi periodi eruttivi nell’ Italia centrale, 133. 


Tomo xvili. (1864-65). 1865. 

G. Ponzi. ll periodo glaciale, e Vantichita dell’ uomo, 73.—V. Paolo. 
Sulla memoria del sig. Cav. Michele Stefano De Rossi, intitolata : Analisi 
geologica ed architettonica delle catacombe romane, 130. ; 


; . Tomo xix. (1865-66). 1866. 

G. Ponzi. “Quadro geologico dell’ Italia centrale, 107.—G. Ponzi. 
Sugl’ istromenti di pietra focaia, rinvenuti nelle cave di breccie presso 
Roma, riferibili all’ industria primitiy Wa ec 


Tomo xx. (1866-67). 1867-68. 

cr. Ponzi. Sui manufatti in focaia, rinvenuti all’ Inviolatella nella 
campagna romana, e sull’ uomo all’ epoca della pietra, 41.—A. Secchi. 

Sulla scoperta delle armi e arnesi in silice, trovati presso Monticelli, 68.— 

G. Ponzi. Sulle tombe preistoriche, rinvenute presso Cantalupo Mandela, 

nella via Valeria, 117. 


— 
. 


— 
. 


. —. ——. Tomo xxi. (1868). 1868. 

—_. —. —. Tomo xxii. (1868-69). 1869. 

a Tomo xxiii. (186970). 1870. 

——. Reale Accademia dei Lincei. Atti. Tomo xxiv. (1870-71). 
1871-72. 


G. Ponzi. Nota sulle selci taglate, rinvenute in Acquatraversa, e nel 
Gianicclo, 61.—G. Ponzi. Storia fisica dell’ Italia centr: ale, 191. 


: =. Lomo xxva(ls7 1-72). 1372-73; 

G. Ponzi. I fossili del bacino di Roma, e ls Fauna Vaticana, 77.— 
P. Volpicelli. Cenno istorico sulle conchielie fossili, che si rinvengono 
nelle marne del monte Vaticano, 329.—A. Betocchi. Sulla cenere lanciata 
dal Vesuvio, nella fine della passata sua straordinaria eruzione, 332.— 
F. Anca. Nota sull’ elefante africano, rinvenuto fra i fossili postplioce- 
nici presso Roma, 353. 


f ; Tomo xxvi. (1872-73). 1873-74. 
F, Keller. Sopra un frammento di aerolite, trovato il giorno 8 di 
mageio testé decorso presso Orvinio, 615 


Serie 2. Vol. 1. (1873-74). 1875. 


G. Ponzi. Storia dei vulcani laziali, 26. 
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Rome. Reale Accademia dei Lincei. Atti. Serie 2. Vol. ii. 
(1874-75). 1875. 

E. Marchese. Scoperta di minerali d’argento in Sardegna, 254.— 
G. Striiver. Sulla Gastaldite, nuovo minerale del gruppo dei bisilicati 
anidri, 333.—B. Gastaldi. Cenni sulla giacitura del Cervus euryceros, 
436.—G. Ponzi. Dei monte Mario e Vaticano e del loro sollevamento, 
545.—G. Meneghini. Paragone paleontologico dei varii lembi di lias 
superiore in Lombardia, 629. 


——. Vol. i. Parte prima. Transunti, 


1875-76. 1876. 


——_— 


: ; . —. —. Parte seconda. Memorie, 
1875-76. 1876. : 

A. Cossa. Sulla predazzite periclasifera del monte Somma, 3,— 
G. Capellini. Sulle balene fossili toscane, 9.—E. Bechi. Composizione del 
sale proveniente da parecchie saline italiane, 45.—B. Lotti. Di aleune 
recenti scoperte paleontologiche nei dintorni di Massa marittima, 85.— 
F. Blanchard. Sur la découverte de la cassitérite 4 Campiglia marittima, 
93.—B. Gastaldi. Sui fossili del caleare dolomitico del Chaberton, 114,— 
B. Gastaldie Baretti. Sui rilevamenti geologici in grande scala fatti nelle 
Alpi piemontesi nel 1875, 168.—G. Striiver. Studi sui minerali del 
Lazio, 205..—-G. G. Gemmellaro. Sugli strati con Aspidoceras acanthicum 
Opp. sp. di Sicilia e sui loro cefalopodi, 239.—A. Cossa. Sulla diorite 
quarzifera porfiroide di Cossato nel Biellese, 357.—G. Ponzi. Lavori 
degli insetti nelle ligniti del monte Vaticano, 375.—G. Capellini. 
L’uomo pliocenico in Toscana, 451.—B. Gastaldi. Frammenti di pa- 
leoetnologia italiana, 497.—G. Uzielli. I. Sopra la baritina e il ferro 
oligisto di Calafuria, IZ. Sulla pirrotina della miniera del Bottino, 611. 
—G. Uzielli. Sopra lo zireone della costa Tirrena, 862.—G. Ponzi. I 
fossili del monte Vaticano, 925. 


: Serie 3. Memorie. Vol. v.(1879-80). 1880. 

A. Cossa. Sulla composizione di alcuni serpentini della Toscana, 58. 
—A. De Zigno. Sopra un cranio di coccodrillo scoperto nel terreno 
eocene del Veronese, 65.—A. Cossa. Sulla eufotide dell’ isola d’ Elba, 
73.—G. Scarabelli. Sugli scavi eseguiti nella caverna detta Frasassi 
(provincia di Ancona), 78.—R. Meli. Sui dintorni di Civitavecchia, 125. 
—T. Taramelli. Sul deposito di salgemma di Lungro nella Calabria cite- 
riore, 186.—G. Meneghini. Nuovi fossili siluriani di Sardegna, 209.—C. 
Tommasi-Crudeli. Sulla distribuzione delle acque nel sottosuolo romano, 
e sulla produzione naturale della malaria, 359.—G. Capellini. Gli strati 
a congerie o la formazione gessoso-solfifera nella provincia di Pisa e nei 
dintorni di Livorno, 375. 


; : Vol. vi. (1879-80). 1880. 
G. Seguenza.—Le formazioni terziarie nella provincia di Reggio (Ca- 
labria), 3. 


SP, SR Vol. vi. S75 


F oo. ——. ——. Vol. vii. (1879-80). 1880. 
A. Verri. I. Vulcani Cimini, 3.—D. Pantanelli. « I. diaspri della Tos- 


cana e i loro fossili, 35.—C. F. Parona. II calcare liassico di Gozzano e i. 


suoi fossili, 187.—R. Meli. Sulla natura geologica dei terreni incontrati 
nelle fondazioni tubulari del nuovo ponte di ferro costruito sul Tevere a 
Ripetta, e sull’ Unio sinuatus, Lamk., rinvenutovi, 320.—M. Canavari. 
I Brachiopodi degli Strati a Terebratula aspasia, Mgh. nell’ Appennino 
centrale, 529. 


a 
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Rome. Reale Accademia dei Lincei. Atti. Serie 3. Transunti. 
Wat vy. Fase. 13 & 14. 1881. 


A. Scacchi. Notizie preliminari intorno ai proietti vulcanici del tufo 
di Nocera e di Sarno, 270. 


: : : - . Vol. vi. Fase. 1-11. 1881-82. 

Stoppani e Scacchi. Sulla memoria del dott. Guglielmo Terrigi “ Le 
formazioni vulcaniche del bacino romano,” 12.—Meneghini, Capellini, 
Gemmellara, Ponzi, Scacchi, Stoppani, Struever. Relazione sui lavori 
di geologia e mineralogia presentati per concorrere al premio suddetto, 
88.—Stoppani. Sull’ attuale regresso dei ghiaciai nelle Alpi, 101.— 
A.Cossa. Hieratite, nuovo specie mineralogica, 141.—Meneghini e Cossa. 
Sulla memoria del prof. D. Pantanelli “ Note microlitologiche sui calcari,” 
162.—_F. Laur. Comunicazione sopra un geyser scoperto a Montroud 
(Loire), 173.—F. Keller. Osservazioni sulla comunicazione precedente, 
175.—Meneghini, Capellini e Stoppani. Sulla memoria del prof. De Ste- 
fani “ Descrizione geologica delle Alpi apuane, 192. 


— ——— — — —_ 


——. R. Comitato geologico d’ Italia. Bollettino. Vol. xi. 1880. 

L. Baldacci e L. Mazzetti. Nota sulla serie dei terreni nella regione 
solfifera di Sicilia, 8.—I. Cafici. La formazione gessosa del Vizzinese e 
del Licodiano (provincia di Catania), 37.—M. Canavari. La montagna 
del Suavicino: osservazioni geologiche e paleontologiche, 54, 254.—C. 
De Stefani. La Montagnola Senese: studio geologico, 73, 156, 264, 367. 
—A.Verri. Le valli antiche e moderne dell’ Umbria, 102.—G. Uzielli. 
Argille scagliose e galestri, 114.—D. Zaccagna. Rilevamento geologico 
delle Alpi apuane: Osservazioni stratigrafiche nei dintorni di Castel- 
poggio, 135.—G. Ponzi. I terremoti delle epoche subappenniniche, 175. 
-—A. Issel. Osservazioni intorno a certe roccie amfiboliche della Liguria, 
a proposito d’una nota del Prof. Bonney concernente alcune serpentine 
della Liguria e della Toscana, 183.—V. Simonelli. I dintorni di San 
Quirico d’Orcia: studii geologici, 192.—F. Coppi. Del terreno tabiano 
modenese e de’ suoi fossili, 218.—A. Travaglia. La sezione di Licodia 
Eubea e la serie dei terreni nella regione S.E. della Sicilia, 244, 505.—C. W. 
Giimbel. Note di una escursione geologica alle Alpi orientali lombarde, 
281.—B. Lotti. Studi stratigrafici sulle formazioni liassiche e cretacee 
dei dintorni di Camajore e Pescaglia (Alpi apuane), 336.—A. Mascarini. 
Su di alcuni fossili terziarii di Monte Falcone Appennino nella provincia 
di Ascoli-Piceno, 357.—T. Fuchs. Risposta ad una osservazione del sig. 
Carlo De Stefani (pag. 367),376.—F. Giordano. Sulle condizioni geolo- 
giche e termiche della grande galleria del San Gottardo, 408.—A. Cossa. 
Sulla serpentina del San Gottardo, 450—C. W. Giimbel. Sulle condi- 
zioni geologiche dei monti del Lago di Como, 454.—I. Cafici. Sulla de- 
terminazione cronologica del calcare a selce piromaca e del calcare com- 
patto e marnoso (forte e franco) ad echinidi e modelli di grandi bivalvi 
nella regione 8.E. della Sicilia, 492,—A. Manzoni. I] Tortoniano ei suoi 
fossili nella provincia di Bologna, 510.—A. Cossa. Sopra una stilbite 
del ghiacciaio del Myage (Monte Bianco), 520.—C. W. Giimbel. Sulle 
condizioni geologiche dei monti del Lago di Lugano, 522.—A. Bittner. 
I terreni di sedimento nelle Giudicarie, 531.—C. W. Giimbel. Sul carat- 
tere delle roccie di sedimento a strati ricurvi, 555. 


Royal Agricultural Society of England. Journal. Second Series. 
Vaelscxyn. Part 2. . 1881. 


: ——. Vol. xvii. Part 1. No. 35. 1882. 
VOL. XXXVII. y 
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Royal Asiatic Society of Great Britain and Ireland. Journal. N. S. 
Vol. xiii. Parts3 &4. 1881. 


——, ee,  ——.* Vol. xiv. “Paria 1 @o. siece 


Royal Astronomical Society. Memoirs. Vol. xlvi. (1880-81). 
1881. 


Royal Geographical Society. Classified Catalogue of the Library to 
December 1870. 8vo. London, 1871. . 


ee) airtink nt TRS 
——, ——. General Index to the fourth ten volumes. 1881. 


——. Proceedings. Vol. iii. Nos. 7-12. 1881. 

E. Whymper. A Journey among the Great Andes of the Equator, 
449.—W. G. Lock. Askja, the largest Volcano of Iceland ; with a short 
Description of the Odadaraun, 471.— 


: Vol.iv. Nos. 1-6. 1882. 

J. Thomson. Notes on the Basin of the River Rovuma, East Africa, 
65.—C. E. Peek. Across Iceland by the Sprengisande Route, 129.— 
E. D. Morgan. Excursion to Askja, August 1881, 140. 


—— 


Royal Institution of Great Britain. Proceedings. Vol. ix. Part 4. 
No. 73. 


Royal Microscopical Society. Journal. Series 2. Vol.i. Parts 4-6. 
1881. 


ee eee ee, OL Th, AES a, ee 


Royal Society. Catalogue of the Scientific Books in the Library. 
Transactions, Journals, Observations and Reports, Surveys, 
Museums. 8vo. London. 1881: 


——. Philosophical Transactions. Vol. clxxii. Parts 2 & 3. 
1881-82. 

W.C. Williamson. On the Organization of the Fossil Plants of the 
Coal-Measures, Part XI., 283.—R. Owen. Description of some Remains 
of the Gigantic Land-Lizard (Megalamia prisca, Owen) from Australia, 
Part O1., 547—J, W. Hulke. Polacanthus Foxit, a large undescribed 
Dinosaur from the Wealden Formation in the Isle of Wight, 653. 


Royal Society. Proceedings. Vol. xxxii. Nos. 213-215. 1881. 


t . Vol. xxxiil. Nos. 216-219. 1881. 

Obituary notice of Dr. J. J. Bigsby, xvii—Obituary notice of Robert 
Mallet, xix.—P. F. Reinsch. On a New Mineral found in the Island of 
Cyprus, 119.—J. W. Dawson. On the Results of recent Explorations of 
Erect Trees containing Reptilian Remains in the Coal Formation of Nova 
Scotia, 254.—J. W. Hulke. An Attempt at a complete Osteology of 
Hypsilophodon Foxit, a British Wealden Dinosaur, 276.—W. Flight. 
Report of an Examination of the Meteorites of Cranbourne, Australia ; 
of Rowton, Shropshire ; and of Middlesborough, in Yorkshire, 343.— 
R. Owen. Description of the Fossil Tusk of an extinct Proboscidian 
Mammal (WNotelephas australis, Ow.) from Queensland, Australia, 448. 


ADDITIONS TO THE LIBRARY. 287 


Rugby-School Natural-History Society. Report for 1881. 1882. 
J. K. Worthington. A few Notes on the Geology of Rugby 17.— 
J. K. Worthington. Bone-Caves in the South of Pembrokeshire, 29. 


St. Petersburg. Académie Impériale des Sciences. Bulletin. 
Tome xxvii. No. 4. 1881. 


. Tome xxvii. No.1. 1882. 
N.v. - ae ow. Resultate der an Datolith-, Amphibol- und Vauque- 
linit-Krystallen ausgefiihrten Messungen, 15, 


: . Mémoires. Série7. Tome xxviii. Nos.3-9. 1881. 

S. Nikitin. Die Jura-Ablagerungen zwischen Rybinsk, Mologa und 
Myschkin an der oberen Wolga, } No. 5.—W. Kipriganoff. Studien tiber 
die fossilen Reptilien Russlands. Theil 1 Gattung Ichthyosaurus, 
Konig, aus dem severischen Sandstein oder Osteolith der Kreide-Gruppe, 
No. 8. 


) ) Tomes: Wes 1=40* 1831. 

Ros Vv. Meddcudor® ‘Bigfiliclas 3 in das Ferghana-Thal, No. 1. 

Tome xxx. Nos.1 & 2. 1881-82. 
F, Schmidt. Revision der ostbaltischen silurischen Trilobiten, } No. 1. 


Salem. Peabody Academy of Science. Memoirs. Vol. i. Nos.5 & 6. 
1881. 


San Francisco. California Academy of Sciences. Proceedings at its 
regular Meeting held June 6th, 1881. Reception of Lieut. 
Robert M. Berry, U.S.N., commanding U.S. steamer ‘ Rodgers’ 
of the Jeannette Search Expedition. (8vo.) 1881. 

——. Mining and Scientific Press. Vol. xli. Nos. 15, 24-26. 
1881. Presented by Dr. C. Le Neve Foster, P.GS. 

H.G. Hanks. Contributions to the Geology of California, 376, 392.— 
Colour of Minerals, 396. Clay Deposits of California, 397. The Old 
River Beds of the Sierra Nevada of California, 409.—H. G. Hanks. 
Notes on Roscoelite, 428. 


Vol. xlii. Nos. 1-3, 5, 9-18. 1881. 

Melville Attwood. The Microscope in Geology [on the Geology of 
Bodie, illustrating the two Ages of Gold], 18.—H. G. Hanks. Contri- 
butions to the Geology of California, 105.—H. G. Hanks. Gold Nuggets, 
137, 177.—C. D. Voy. California Gold Nuggets, 147.—The Mica Veins 
of North Carolina, 169. Origin of Petroleum and Coal, 175. 


Scientific Roll and Magazine of Systematized } Notes. Part I. Nos. 
4-7. 1881-82. 


Shanghai. North-China Branch of the Royal Asiatic Society. 
Journal, N.S. No. 15. 1881. 


N.S. Vol. xvi. Parts1&2. 1882. 

ieee B. Pane Notes on the Hydrology of the Yang-tse, the Yellow 
River, and the Pei-ho, 1.—H. B. Guppy. Some Notes on the Geology 
of Takow, Formosa, 13. 


Society of Arts. Journal. Vol. xxix. Nos. 1492-1512. 1881. 
The Salt Caves and Mines in the Persian Gulf, 735.—Mervyn Smyth. 
The Gold Mines of South India, 745.—The Mineral Resources of Tur key, 


816. 
y2 
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Society of Arts. Journal. Vol. xxx. Nos. 15138-1548. 1881-82. 

Chrome, Manganese, and Sulphur in Turkey, 27.—Italian Geological 
Survey, 108.—Coalfields of Sweden, 161.—Sulphur Mines of Sicily, 364. 
—Notes on the Production of Pumicestone in the Island of Lipari, 398. 
—Sir E. Watkin. The Channel Tunnel, 559.—V. Ball. The Mineral 
Resources of India, and their Development, 577.—Cameron. The Gold 


Fields of West Africa, 777.—R. F. Burton. Gold on the Gold Coast, 
785. 


Society of Biblical Archeology. Proceedings. Vol. iii. 1881. 
Transactions. Vol. vii. Parts2&38. 1881-82. 


Stockholm. Kongliga Svenska Vetenskaps-Akademi. Bihang till 
Handlingar. Bandet iv. Haftet1 & 2. 1877-78. 
A. E. Fahlerantz. Om Dannemora jernmalmsfalt, No. 2.—O. Gumeelius. 
Om medlersta Sveriges glaciala bildningar: 2. Om rullstensgrus, No. 3. 


: 4 Bandet v. Hiaftet 1 & 2. 1878-80. 

O. Torel. On the Causes of the Glacial Phenomena ir the North-eastern 
Portion of North America, No. 1.—A. E. Tornebohm. Ueber die eisen- 
fiihrenden Gesteine von Ovifak und Assuk in Groénland, No. 10. 


' . Handlingar. Bandet xiv. Haftet 2. 1876. 
A. E. Tornebohm. Om Sveriges vigtigare diabas- och gabbro-arter, 
No. 15 —P. Oberg. Om trias-forsteningar frin Spetsbergen, No. 14. 


: Bandet xv. 1877. 
O. Heer. Ueber fossile Pflanzen yon Novaja Semlja, No. 3.—O. Heer. 
Beitriige zur miocenen Flora von Sachalin, No. 4. 


-. : Bandet xvi. 1878. 

N. P. Hamberg. Undersodkning af badgytjan vid Marstrand, No. 6.— 
A. G. Nathorst. Bidrag till Sveriges fossila flora: Il. Floran vid 
Hoganiis och Helsingborg, No. 7. 

Bandet xvii. 1879. 

—. ——. Lefnadsteckningar. Bandetu. Hiftet 1. 1878. 


. Ofversigt. Bandet xxxiv. (1877). 1878. 

G. Lindstrém. Analys af de vid Stalldalen den 28 Juni 1876 nedfallna 
meteorstenar, No. 4, 35.—L. F. Nilsson. Om aphtonit och tetraédrit fran 
Gardsjon i Vermland, No. 5, 15. 

; Bandet xxxv. (1878). 1879. 

A. G. Nathorst. Om Ginkgo ? crenata, Brauns sp., fran sandstenen vid 
Seinstedt niira Braunschweig, No. 3, 81.—G. Lindstrom. Thaumasit, ett 
nytt mineral frin Areskutan, No. 9, 43. 


: ——. Bandet xxxvi. (1879). 1880. 
L. Holmstrém, Om moraner och terraser, No. 2, 5.—A. G. Nathorst. 
Om Spirangium och dess forekomst i Skanes kolforande bildningar, 
No. 3,81.—G. Linnarsson. Om Gotlands graptoliter, No. 5,3.—J. Waller. 
Analys pi Ronnebyvatten, No. 5, 87.—L. Kolmodin. Ostracoda Silurica 
Gotlandiz, No. 9, 183. 


: Bandet xxxvii. (1880). 1881. 
G. Holm. Anteckningar om Wahlenbergs [llenus crassicauda, No. 4, 5. 
—A.G. Nathorst. Beriittelse, afgifven till Kong]. Vetenskaps-Akademien 
om en med understéd af allmanna medel utford vetenskaplig resa till 
England, No. 5, 23.—G. Lindstrém. Analyser af tvenne mineral fran 


—— 
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Langban, No. 6,53.—A. G. Nathorst. Nagra anmarkningar om Wil- 
lamsonia, Carruthers, No. 9,33.—B. Lundgren. Om Scaphites binodosus, 
Reem., fran K&seberga, No. 10, 23.—J. C. Moberg. Beriittelse afgifven 
till Kongl. Vetenskaps-Akademie om en med understdd af allminna medel 
foretagen resa till en del svenska kritlokaler, No. 10, 29. 


Stuttgart. Neues Jahrbuch fiir Mineralogie, Geologie und Palion- 
tologie. 1881, Bandi. Hefte 2 and 3. 1881. 

A. Streng. Ueber die Phosphate von Waldgirmes, 101.—H. Schulze 
und A. Stelzner. Ueber die Umwandlung der Destillationseefasse der 
Zinkofen in Zinkspinell und Tridymit, 120.—O. Luedecke. Ueber Reissit, 
162.—A. Cathrein. Ein Beitrag zur Kenntniss der Wildschonauer 
Schiefer und der Thonschiefernidelchen, 169.—E. Cohen. Ueber Caphi- 
amanten, 184.—-F. M. Stapff Zur Mechanik der Schichtenfaltungen, 
184.—F. Fouqué und A. Michel-Lévy. Berichtigung, 194.—E, Cohen. 
Sammlungen von Mikrophotographien zur Veranschaulichung der mikro- 
skopischen Structur von Mineralien und Gesteinen, 194.—F. Klocke. 
Ueber ein optisch zweiaxigerscheinenden tetragonalen Krystall, 204.— 
E. Cohen. Lava vor Ilopango-See, 205.—M. Neumayr. Ueber den Lias 
im sudéstlichen Tirol und in Venetien, 207.—A. Sauer. Rutil als mikro- 
skopischer Gemengtheil in der Gneiss- und Glimmerschieferformation, 
sowie als Thonschiefernaddelchen in der Phyllitformation, 227.—C. Klein. 
Mineralogische Mittheilungen, VIII., 239.—F. Sandberger. Ueber den 
Urangehalt von Primitivsilicaten und die daraus entstehenden Uranmine- 
ralien; Ueber das Auftreten von Zirkon und Rutil in Gesteinen. und 
Mineralien ; Farbendes Princip der dunkelen Zirkone ; Mineralvorkommen 
yon Schollkvippen bei Aschaffenburg, 257.—A. Stelzner. Fayait von 
Portugal und von San Vicente, 260.—E. Laufer. Ueber das Auftreten 
von Gletscherschliffen und Schrammen an den oligocaénen Septarien von 
Hermsdorf bei Berlin, 261.—T. Petersen. Kupfer- und Wismuthmine- 
ralien aus dem Spessart; Diallag aus dem badischen Wiesenthal ; Staffelit 
im Anamesit von Eschersheim, 262.—Weiss. Ueber Newropteris strado- 
nitzensis, Andrii sp., 265.—E. Cohen. Lava vom Camarun-Gebirge, 
266. 


es . 1881, Bandii. Heftel & 2. 1881. 

©. Luedecke. Mesolith und Skolezit, 1—K. Schalch. Ueber einige 
Tertiarbildungen der Umgebung von Schaffhausen, 42.—C. Struckmann. 
Veber den Parallelismus der hannoverschen und der englischen oberen 
Jurabildungen, 77.—H. B. Geinitz. Rhatische Versteinerungen aus den 
Argentinischen Republik, 105.—H. B. Goppert. Ueber die Sammlungs- 
wiese fossiler Pflanzen 104. O. Mugge. Feldspath aus dem Rhomben- 
porphyr von Christiania, 107 .—G. Berendt. Zur Entstehung von Riesen- 
tépten, 121.—G. Steinmann. Ueber Tithon und Kreide in den perua- 
nischen Anden, 130.—G. Steinmann. Ueber Protetractis Linki, n. f., eine 
Lithistide des Malms, 154.—C. Hopfner. Ueber das Gestein des Monte 
Tajumbina in Peru, 164.—KE. Cohen. Sammlung von Mikrophotographien, 
193.—C. A. Tenne. Ueber Parastilbit, 195.—Zugmayr. Ueber den 
Geiirstbau von Spirigera oxycolpos, Emur., 197. 


—. . Beilage-Bandi. Heft 2. 1881. 

V. Goldschmidt. Ueber Verwendbarkeit einer Kaliumquecksilberjo- 
didlésung bei mineralogischen und petrographischen Untersuchungen, 
179.—G. Steinmann. Zur Kenntniss der Jura- und Kreideformation von 
Caracoles (Bolivia), 289,—J. Szabo. Der Granat und der Cordierit in 
den Trachyten Ungarns, 302. 
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Swansea. South-Wales Institute of Engineers. Proceedings. 
Vol. xii. Nos. 5-8. 1881. 

J.M‘Murtrie. The Somersetshire Coalfield, and the Method of working 
thin Seams in the Radstock District, 424. 


Sydney. Linnean Society of New South Wales. Proceedings. 
-Vol.v. Parts3&4. 1881. 
J.C. Cox. Notes on Moore Park Borings, 273. 


: ’ ool. wil’, Baris d=, qaleete 
©. 8. Wilkinson. Notes on the Occurrence of Artesian Wells in the 
Albert District, New South Wales, 155. 


—. Royal Society of New South Wales. Journal and Pro- 
ceedings. Vol. xiv.(1880). 1881. 

C. Moore. Anniversary Address, 1.—O. Feistmantel. Notes on the 
Fossil Flora of Eastern Australia and Tasmania, 103.—A. Liversidge. 
Water from a Hot Spring, New Britain, 147.—A. Liversidge. On the 
Composition of some Wood enclosed in Basalt, 155.—A. Liversidge. On 
some New South Wales Minerals, 213.—A. Liversidge. Notes on some 
Minerals from New Caledonia, 227.—R. Etheridge. Notes ona Collection 
of Fossils from the Paleozoic Rocks of New South Wales, 247.—-T. K. 
Abbott. On Wells in Liverpool Plains, 281. 


Tokio. University. Calendar of the Departments of Law, Science, 
and Literature. 2540-41 (1880-81). 


Toronto. Canadian Institute. Proceedings [N. 8. of the Canadian 
Journal]. Vol.i. Part 2. 1881. 
D. Wilson. An ancient Haunt of the Cervus megaceros or Great Irish 
Deer, 207.—R. Bell. On the Occurrence of Petroleum in the North-west 
Territories, with notes on new localities, 225. 


——. Mechanics’ Institute. 50th Annual Report. 1881. 
Tromsé Museum. Aarsberetning for 1880. 


——. Aarshefter. iv. 1881. 
K. Pettersen. Kyzenangen. Et bidrag til besvarelsen af sporgsmaalet 
om fjorddannelsen, 1. 


Truro. Royal Institution of Cornwall. Journal. No. 2 (1864). 
1864. 
N. Whitley. The “ Flint Implements ” from Drift not authentic, 19. 


‘ : with Annual Report. No. 15 (1874). 1874. 

W. J. Henwood. On the Detrital Tin Ore of Cornwall, 191.—W. 
Argall. On the Occurrence of Wood-tin Ore in the Wheal Metal Lode at 
Wheal Vor in Breage, 255. 


—— 


: : « Nol6 (1874). 13 ia: 
J. H. Collins. Mineralogical Notices, 50.—W. Whitaker. List of 
Works on the Geology, Mineralogy, and Paleontology of Cornwall, 61. 


‘ : Wo. 17'(1875).' 167. 

J. H. Collins. Note on a Cornish Specimen of Wavellite, 153.— 
C. Le Neve Foster. Note on Belowda Til Mine, 213.—R. N. Worth. 
The Building and Ornamental Stones of Cornwall, with notes on their 
Archeology, 215. 
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Truro. Royal Institution of Cornwall. Journal, No. 18 (1876). 
1876. 
J.J. Rogers. Note on a Collection of Paleolithic Remains from the 
Valley of the River Vézére, 278. 


No. 19. Parts 1 & 2(1877-78). 1877-78. 
iy. Symons, Alluvium in Par Valley, 382.—J. H. Collins. Note on 
the Underground Temperature at Dolcoath Mine, May Ist, 1877, 389. 


: No. 20 (1878). 1378: 
R. Symons, On Carclaze Tin and China Clay Pit, 140. 


—, ——. —. No. 21 (1879). 1879. 
and Report. No. 22 (1880). 1880. 


: No. 23 (1881). 1881. 
J. H. Collins. Recent Mineralogical Analyses from the Laboratory of 
the Royal Institution of Cornwall, 408. 


Journal. Vol. vii. Parts 1 & 2 (1881-82). 1881-82. 
H. M. Whitley. The Silting-up of the Creeks of Falmouth Haven, 12. 
—J. H. Collins. On the Geology of Central and West Cornwall, ie 


H. James. Note on a Humerus of Balenoptera physalus, Great Rorqual 
Whale, found at Port Holland, 42. 


Annual Reports. 58th-6lst. 1876-78. All pre- 
ie by Dr. C. Le Neve Foster, F GS. 


Turin. Reale Accademia delle Scienze. Atti. Vol. xvi. Disp. 6 &7. 
1881. 
M. Baretti. esti fossili di Mastodonte nel territoria d’Asti, 616. 


Vol. xvu. Disp. 1-4. 1882. 
G. Piolti, Nuove ricerche intorno alle pietre a segnali dell’ anfiteatro 
morenico di Rivoli (Piemonte), 221. 


_, 


———.. ——-. Memorie. Ser. 2. Tomo xxxu. 1880. 
A. Portis. Di alcuni fossili terziarii del Piemonte e della Liguria, 
partenenti all’ ordine dei Chelonii, 113.—Baretti. Il ghiacciaio del 
Miage, versante italiano del gruppo del Monte Bianco (Alpi PeRHENe), 


—. ——. —. —. Tomo xxxii, 1881. 
University College. Calendar. Session 1881-82. 1881. 


Victoria Institute. Journal of the Transactions. Vol. xv. Nos. 
58 & 59. 1881. 

Southall. On Pliocene Man in America, 191.—J. W. Dawson. A 
brief paper on the same, 205.—-J. EH. Howard. What are Scientific Facts?, 
221.—J. P. Thompson. Implements of the Stone Age a Primitive De- 
marcation between Man and other Animals, 2365. 


Vol. xvi. Nos. 60 & 61. 1882. 
N. Whitley. On the supposed Palzeolithic ee of the Valley 
of the Axe, 35. : 


' 
: 
' 
' 
: 
: 
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Vienna. Beitrage zur Paliontologie von Oesterreich-Ungarn und den 
angrenzenden Gebieten. Band i. Hefte3 &4. 1881. Pur- 
chased. 

A. v. Alth. Die Versteinerungen des Nizniower Kalksteines, 183.— 
H. Zugmayer. Die Verbindung der Spiralkegel von Spirigera oxycolpos, 
mmr. sp., 353. ; 

ae . Band u. Hefte1 & 2. 1882. Purchased. 

A. Fritsch. Fossile Arthropoden aus der Steinkohlen- und Kreidefor- 
mation Bohmens, 1.—J. Velenovsky. Die Flora der bohmischen Kreide- 
formation, 8.—S. Brusina. Orygocoras, eine neue Gasteropodengattung 
der Melanopsiden-Mergel Dalmatiens, 33.—P. Novak. Ueber béhmische, 
thiringische, Greifensteiner und Harzer Tentaculiten, 47. 


——. Kaiserliche Akademie der Wissenschaften. Anzeiger. 1881, 
Nos. 14-28. 1881. } 

J. Woldiich. Zweiter Bericht iiber die diluviale Fauna von Zuzlawitz 
bei Winterberg im Bohmerwalde, 154.—-M. Neumayr. Morphologische 
Studien iiber fossile Echinodermen, 164,—A. Brezina. Orientirung der 
Schnittflachen an Eisenmeteoriten mittelst der Widmannstadlen’schen 
Figuren, 170.—A. Brezina. Ueber ueue oder wenig bekannte Meteoriten, 
171.—D. Stur. Die Silur-Flora der Etage H-h, in Bohmen, 191.—F. 


Becke. Die Gneissformation des niederésterreichischen Waldviertels, 
243. 


1882, Nos. 1-9. 1882. 


L. Burgerstein. Geologische Studie iiber die Therme von Deutsch- 
Altenburg, 52.—A. Koch. Ueber den Meteoritenfall, am 3 Februar 
1881, bei Mocs unweit Klausenburg in Siebenbiirgen, 52.—F. Berwerth. 
Ueber die chemische Zusammensetzung der Amphibole, 80.—G. T'scher- 
mak. Ueber die Beschaffenheit der bei Mocs in Siebenbiirgen gefallenen 
Meteoriten, 83. 


; Sitzungsberichte. Mathematisch-Naturwissenschaft- 
liche Classe. Band lxxxii. Hefte 3-5 (1880). 1881. 

A. Byezina. Vorliufiger Bericht iiber neue oder wenig bekannte Me- 

teoriten, 348.—F. von Hochstetter. Vierter Bericht der prahistorischen 

Commission der mathematisch-naturwissenschaftlichen Classe der kaiser- 


lichen Akademie der Wissenschaften iiber die Arbeiten im Jahre 1880, 
401. 


—. ——. ——. ——. Band lxxxiii. Hefte 1-4 (1880). 
1881. 
G. Bruder. Zur Kenntniss der Juraablagerung von Sternberg bei 
Zeidler in Bohmen, 47.—J. Wentzel. Die Flora des tertiaren Diato- 
maceenschiefers von Sulloditz im bohmischen Mittelgehirge, 241. 


——. Kaiserlich-kénigliche Bergakademie zu Leoben und Pribram 
und die kéniglich ungarische Bergakademie zu Schemnitz. 
Berg- und hiittenmiinnisches Jahrbuch. Band xxix. Hefte 
2-4. 1881. 

M. Kraft. Ueber Arbeitseffecte am Gestein, 221. 


= , ———, Band xxx. Het.) lss2, 


——————— 


F, Wiihner. Das Erdbeben von Agram am 9 November 1880, 15.— ~ 
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Vienna. Kaiserlich-kénigliche geologische Reichsanstalt. Abhand- 
lungen. Band xu. Heft 3. 1882. 
R. Hornes und M. Auinger. Die Gasteropoden der Meeres-Ablage- 
rungen der ersten und zweiten miociinen Mediterran-Stufe in der dster- 
reichisch-ungarischen Monarchie, 1158. 


: Jahrbuch. Band xxxi. Nos. 2-4. 1881. 

A. H. Schindler. Neue Angaben tiber die Mineralreichthiimer Persiens 
und Notizen tiber die Gegend westlich von Zendjan, 169.—M. Vacek. 
Beitrag zur Kenntniss der mittelkarpathischen Sandsteinzone, 191.—A. 
Sigmund. Der Steinberg bei Ottendorf im Troppauer Bezirke, 209,— 
A. Bittner. Ueber die geologischen Aufnahmen in Judicarien und Val 
Sabbia, 219.—D. Kramberger. Studien tiber die Gattung Sawrocephalus, 
Harlan, 371.—V. Uhlig. Ueber die Fauna des rothen Kellowaykalkes 
der peninischen Klippe Babierzowka bei Neumarkt in Westgalizien, 381. 
—KE. Reyer. Bewegungen in losen Massen, 431.—F. Lowl. Ein Profil 
durch den Westflugel der Hohen Tauern, 445.—F. Lowl. Die Verbindung 
des Kaiserwaldes mit dem Erzebirge, 453.— IF’. Standfest. Zur Strati- 
graphie der Devonbildungen von Graz, 457.—V. Hilber. Ueber das 
Miocan, insbesondere das Auftreten sarmatischer Schichten bei Stein in 
Krain, 473.—R. Hornes. Zur Kenntniss der mittelmiocinen Trionyx- 
Formen Steiermarks, 479.—C. v. John und H. B. v. Foullon. Arbeiten 
aus dem chemischen Laboratorium der k. k. geologischen Reichsanstalt, 
483.—E. Naumann. Ueber das Vorkommen von Triasbildungen im 
nordlichen Japan, 519.—F. Kraus. Neue Funde von Ursus spelaeus im 
Dachsteingebiete, 529. 


—. ; Band xxx. No.1. 1882. 

F. Ritter v. Hauer. Zur Erinnerung an Dr. Ami Boué, 1.—E. Tietze. 
Die geognostischen Verhaltnisse der Gegend von Lemberg, 7.—R. Hornes, 
Saugethier-Reste aus der Braunkohle von Goriach bei Turnau in Steier- 
mark, 155.—G. Wundt. Ueber die Lias-, Jura- und Kreide-A blagerungen 
um Vils in Tirol, 165. 


——. -——. Verhandlungen. 1881, Nos. 10-17. 1881. 

T. Fuchs. Einige Bemerkungen zu Prof. Neumayr’s Darstellung der 
Gliederung der jungtertiaren Bildungen im griechischen Archipel, 173.— 
T. Fuchs. Ueber die geologische Beschattenheit der Landenge von 
Suez und den Amur-Liman im nordjapanischen Meer, 178.—T. Fuchs. 
Fossilien aus den Neogenbildungen von Bresno bei Rohitsch, 181.—F, 
Kreutz. Nachtrag zur Abhandlung tiber die Bildung und Umbildung 
von Erdwachs und Erd6l in Galizien, 182.—V. Hilber. Neue und un- 
genigend bekannte Conchylien aus dem ostgalizischen Miocin, 183, — 
V. Hilber. Fossilien der Congerienstufe zon Czortkow in Ostgalizien, 
188.—A. Heim. Ueber die Glarner Doppelfalte, 204.—J. Niedwiedzki. 
Zur Kenntniss der Salzformation von Wieliczka und Bochnia, 210.—A. 
Rzehak. Ueber die Gliederung und Verbreitung des Oligociin in der 
Gegend siidéstlich von Gr.-Seelowitz in Mahren, 211.—V. Uhlig. Bemer- 
kungen zu Oxynoticeras Gervilianum, d’Orb., 216.—K. Peters. Der Schadel 
von Trionyx styriacus, 221.—H. Wolf. Die Teplitz-Schonauer Quellver- 
haltnisse im Jahre 1881, 222.—F. Wurm. Bemerkungen zum Contact 
der Eruptiv- und Sedimentgesteine in Nordbohmen, 229.—F. Wurm. 
Basalt vom Habichsberge bei Kroh, 232. — H. Baron y. Foullon. _ Ueber 
krystallisirtes Zinn, 237. V. Hilber. Ueber die Gegenden um Zétkiew 
und Rawa in Ostgalizien, 244.—V. Uhlig. Aus dem nordostlichen 
Galizien, 248.—E. Tietze. Bericht aus Montenegro, 254.—T. Fuchs. 
Einschliisse von fremden Gesteinen in krystallinischen Kalksteine, 257.— 
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EK. Hussak. Pikritporphyr von Steierdorf, 258.— P. Novak. Ueber 
Tentaculiten, 262.—E. Tietze. Erganzende Bemerkung beziiglich des 
Diluviums von Masenderan in Persien, 267.—C.M. Paul. Aufnahmen 
in den galizischen Karpathen, 268.—A. Bittner. Bericht wber die Auf- 
nahmen in der Gegend von Brescia, 269.—A. Bittner. Ueber die Trias- 
bildungen von Recoaro, 275.—V. Uhlig. Zweite Reisebericht aus dem 
nordostlichen Galizien, 275.—E. Tietze. Mittheilung tier einige Flysch- 
bildungen, 281.—L. Burgerstein. Vorliufige Mittheilung tiber die Therme 
von Deutsch-Altenburg und die Chancen einer Tiefbohrung daselbst, 289. 
—D.Stur. Ueber Blattreste der fossilen Gattung Dryophyllum, Debey, 
290.— R. Hornes. Das Vorkommen der Gattung Bucconum in den 
Ablagerungen der ersten und zweiten Mediterranstufe im Gebiete der 
ésterreichisch-ungarischen Monarchie, 292.—C. Grewingk. Ueber fossile 
Saugethiere von Maragha in Persien, 296.—G. Stache. 1. Aus dem 
Silurgebiet der karnischen Alpen; 2. Neue Daten iiber das Vorkommen 
von Olivingesteinen im Sulzberg-Ultenthaler Gneissgebirge, 296.—V. 
Hilber. Ueber die Gegenden um Zotkiew und Rawa in Ostgalizien, 299, 
—Karl Peters, 309.—IF’. Kreutz. Beitrag zur Erklirung des Ozokerit- 
und Naphta-Vorkommens in Galizien, 311.-—R. Rzehak. Oberdevonische 
Fossilien in der Umgebung von Briinn, 314.—T. Fuchs. Ueber die von 
G. Michelotti aus den Serpentinsanden von Turin beschriebenen Pecten- 
Arten, 516.—T. Fuchs. Ueber miociinen Pecten-Arten aus den noérdlichen 
Apenninen in der Sammlung des Herrn Dr. A. Manzoni, 318.—J. N. 

oldiich. Beitrage zur diluvialen Fauna der mihrischen Hohlen, 322.— 
J.N. Woldyich. Preeistorischer Knochenfund von Slavikovic-Austerlitz, 
324,—M. Neumayr. Ueber einige von B, Vereschagin gesammelte Kreide- 
Ammoniten aus Turkestan, 325.—R. Hornes. Saugethierreste aus der 
Braunkohle von Goriach bei Turnau, 329.—R. Hornes. Organisation 
der Erdbebenbeobachtung in den ésterreichischen Alpenlandern, 331.— 
G. C. Laube. Notiz iiber Kinschliisse von Melaphyrgestein im Porphyr 
von Liebenau in Bohmen, 332.—D. Kramberger. Die Karsterscheinungen 
im westlichen Theile des Agramer Gebirges, 385.—R. Scharizer. Ueber 
Idrialit, 335.—R. Hornes. Vorlage von Siugethierresten aus den Braun- 
kohlen-Ablagerungen der Steiermark, 338.—C. Dolter. Die vulcanischen 
Gesteine der Capverden, 339.—V. Uhlig. Ueber die Zusammensetzung 
der Klippenhiille bei Lublau in Oberungarn, 340.—L. Szajnocha. Vor- 
lage der geologischen Karte der Gegend von Jasto und Kosno in West- 
galizien, 542. 


Vienna. Kaiserlich-kdnigliche geologische Reichsanstalt. Ver- 
handlungen. 1882, Nos.1-8. 1882. 

T. Fuchs. Ueber einige Punkte in der physischen Geographie des 
Meeres, 19.—R. Rattelt. Mineralogische Notizen aus Béhmen, 24.— 
D. Kramberger. Vorliufige Mittheilungen tiber{ die aquitanische Fisch- 
fauna der Steiermark, 27.—E. von Mojsisovics. Zur Altersbestimmung der 
triadischen Schichten des Bogdo-Berges in der Astrachanischen Steppe 
(Russland), 30.—I. von Mojsisovics. Ueber das Vorkommen einer 
muthmasslich vortriadischen Cephalopoden-Fauna in Sicilien, 31.—V. 
Uhlig. Vorlage geologischer Karten aus dem nordéstlichen Galizien, 52. 
—R. Hornes. TJrionyx-Reste des Klagenfurter Museums von Trifail in 
Siidsteiermark, 39.—R. Rzehak. Oncophora, ein neues Bivalvengenus 
aus dem mihrischen Tertiar, 41—M. Vacek. Vorlage der geologischen 
Karte des Nonsberges, 42.—T. Fuchs. Ueber die pelagische Flora und. 
Fauna, 49.—T. Fuchs. Was haben wir unter der “ Tiefseefauna” zu 
verstehen und durch welches physikalische Moment wird das Auftreten 
derselben bedingt ?, 55.—K. M. Paul. Geologische Karte der Gegend von 
Sanok und Brzozow in Galizien, 68.—V. Uhlig. Vorkommen yon Num- 


ones ae 
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muliten in Ropa in Westgalizien, 71.—H. v. Foullon. The Formation of 
Gold-Nuggets and Placer-Deposits by Dr. T. Egleston, 72.—F. v. Hauer. 
Der Scoglo Brusnik bei St. Andrea in Dalmatien, 75.—F. v. Hauer. 
Meteorsteinfall bei Klausenburg, 77.— A. Brezina. Ueber die Stellung 
des Mocser Meteoriten im Systeme, 78.—A. Bittner. Mittheilungen uber 
das Alttertiar der Colli Berici, 82.—K. De Stefani. Vorlaufige Mit- 
theilung iiber die rhatischen Fossilien der apuanischen Alpen, 96.—V. 
Uhlig. Ueber die Cephalopoden der Rossfeldschichten, 106.---D. Kram- 
berger. Bemerkungen zur fossilen Fisch-fauna der Karpathen, 111.—A. 
Rzehak. Die I. und II. Mediterranstufe im Wiener Becken, 114.—C. L. 
Griesbach. Geologische Skizzen aus Indien, 116.—H. Baron v. Foullon. 
Ueber die Eruptivgesteine Montenegros, 123.—F. Teller. Ueber die 
Analogien des Schlossapparates von Diceras und Caprina, 130.—V. Bieber. 
Die Urgebirgscholle am Maschwitzer Berg, N. Dauba, 185.—T. Fuchs. 
Ueber einige Vorurtheile bei der Beurtheilung von Tiefseeablagerungen 
fruherer geologischer Kpochen, 136——R. Hornes. in alter Hisen- 
bergbau bei Graz, 188.—C. Délter. Ueber das Pyroxenit, ein neues 
basaltisches Gestein, 140.—V. Hilber. Geologische Kartirungen um 
Zotkiew und Rawa ruska in Ostgalizien, 141. 


Vienna. Kaiserlich-konigliche zoologisch-botanische Gesellschaft. 
Verhandlungen. Band xxxi. (1881). 1882. 


——. Mineralogische und petrographische Mittheilungen. Neue 
Folge. Band iv. Hefte 1-6. 1881-82. Purchased. 

W.B. Schmidt. Untersuchungen tiber die Einwirkung der schwefligen 
Saure auf einige Mineralien und Gesteine, 1—A. Makowsky. Ueber die 
Bouteillensteine von Mahren und Bohmen, 43.—C. W. C. Fuchs. Die 
vulkanischen Ereignisse des Jahres 1880, 51.—G. Tschermak. Ueber die 
Isomorphie der rhomboédrischen Carbonate und des Natriumsalpeters, 
99.—M. Kispatié. Ueber die Bildung der Halbopale im Augit-Andesit 


' von Gleichenberg, 122.—F. Becke. Euklas aus den Alpen, 147.—E. 


Ludwig. Ueber die chemische Zusammensetzung des Epidots, 153. — 
E. Ludwig. Chemische Untersuchung des Hisensauerlings der Wil- 
helmsquelle zu Karlsbrunn bei Freudenthal in Oesterr. Schlesien, 173.— 
F. Becke. Die Gneissformation des niederésterreichischen Waldviertels, 
189.—L. Sipocz. Analyse einiger Skapolithe, 265.—A. Pichler und J. 
Blaas. Die porphyrischen Gesteie von Brandenberg bei Brixlegg, 270. 
—I*. Becke. Die Gneissformation des niederésterrichischen Waldviertels, 
285,.-—J. Rumf. Eine Cabinets-Steinschneide-Maschine, 409.—P. Schir- 
litz. Islandische Gesteine, 414.—C. Dolter. Hauyne von den Capverden, 
461.—F. E.Geinitz. Pseudomorphose von Nakrit nach Fluss-spath, 469. 
—K. v. Chrustschoft. Ueber secundare Glaseinschliisse in den Gemeng- 
theilen gefritteter Gesteine, 475.—A. Pichler und J. Blaas. Die Quarz- 
phyllite bei Innsbruck, 503.—E. Ludwig. Chemische Untersuchung des 
alkalischmuriatischen Sauerlings von Apatovac in Croatien, 519.—G. 
Tschermak. Die Hemiedrie der Salmiakkrystalle, 531. 


Warwick. Warwickshire Naturalists’ and Archeologists’ Field 
Club. Proceedings, 1880. 1881. 

W. Andrews. On certain Superficial Deposits near Coventry, 1.— 
P. B. Brodie. On the Origin and Use of Mineral Phosphates as Manure, 
19.—W. Andrews. On the Lowest Stratum of the Lower Keuper 
White Sandstone (Waterstones), 28.—W. Andrews. On a supposed 
Downthrow in the Permian Strata between the Boreholes at Spon End, 
Coventry, 29. ) 
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Washington. Smithsonian Collections. Vol. xxi. 1881. 


Washington. Smithsonian Institution. Contributions to Know- 
ledge. Vol. xxiii. 1881. 

E. W. Hilgard. On the Geology of Lower Louisiana and the Salt 
Deposit of Petite Anse Island, No. 3.—J. G. Barnard. On the Internal 
Structure of the Earth considered as affecting the Phenomena of Preces- 
sion and Nutation, No. 4. 


——, ——. Miscellaneous Collections. Vol. xviii. 1880. 


——— 


‘ : - Vol. xix. 1880. (Proceedings of the 
United States National Museum, Vols. i. & ii.) 

W. H. Dall. Postpliocene Fossils in the Coast Range of California, 3. 
—W.H. Dall. Fossil Mollusks from later Tertiaries of California, 10.— 
W. Hz. Dall. Distribution of Californian Tertiary Fossils, 26.—C. A. 
White. Descriptions of new Species of Carboniferous Invertebrate 
Fossils, 252.—C. A. White. Note on Endothyra ornata, 291.—C. A. 
White. Descriptions of new Cretaceous Invertebrate Fossils from Kansas 
and Texas, 292. 


: Vol. xx. 1881. (Bulletin of the Philoso- 
phical Society of Washington, Vols. 1.111.) 
Vol. i. 

J. W. Powell. Remarks on the Structural Geology of the Valley 
of the Colorado of the West, 48.—G. K. Gilbert. On certain recent 
Geological and Geographical Researches in Arizona and Nevada, 84.— 
F. M. Endlich. On Mineralogical Systems, 77.—G. K. Gilbert. On the 
Glacial Epoch in Utah and Nevada, 84.—T. Gill. On the Structure and 
Shape of Palcotherium, 99.—B. Alvord. On the recent Earthquakes in 
North Carolina, 101.—G. Kk. Gilbert. On a Cold Geyser or Intermittent ~ 
Artesian Well in Ohio, 103.—C. G. Forshey. On the Alluvial Basin of 
the Mississippi River styled the Delta, Appendix II. 

Vol. ii. 

J. Henry. The Glacial: Theory, 35.—C. E. Dutton. On the Causes of 
Glacial Climate, 48.—G. K. Gilbert. Ripple-marks, 61.—J. W. Powell. 
Monoclinal Ridges, 74—G. K. Gilbert. Lake Bonneville, 103.—G. K. 
Gilbert. The Wasatch a growing Mountain, 195.—M. C. Meigs. On 
the Movements caused in large Icetields by Expansion and Contraction as 
illustrative of the Formation of Auticlinal and Synclinal Axes in Geolo- 
gical Formations, Appendix VII.—F. B. Meek. Descriptions of new 
Species of fossil Plants from Alleghany Co., Virginia, with some Remarks 
on the Rock seen along the Chesapeake and Ohio Railroad near the White 
Sulphur Springs of Greenbrier County, West Virginia, Appendix VIII. 

Vol. iii. 

C. E. Dutton. On the Permian Formation of North America, 67.— 

C. A. White. On the Permian Formation of North America, 104. 


——. United States National Museum. Proceedings. 1881, Sheets 
1-12. 1881. 

G. W. Hawes. On the Mineralogical Composition of the normal Meso- 
zoic Diabase upon the Atlantic Border, 129.—G. W. Hawes. On the 
Determination of Felspar in thin Sections of Rocks, 134.—C. A. White. 
On certain Cretaceous Fossils from Arkansas and Colorado, 136. 
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Wellington, N. Z. New-Zealand Institute. Transactions and Pro- 
ceedings. Vol. xiii.(1880). 1881. 

A. D. Dobson. Description of a remarkable Dyke on the Hills near 
Heathcote, 391.—A. Hamilton. On the Foraminifera of the Tertiary 
Beds at Petane, near Napier, 395.—A. M‘Kay. On the Genus Rhyncho- 
nella, 396.—S. P. Smith. On some Indications of Changes in the Level 
of the Coast-line in the Northern part of the North Island, 398.—T. A. 
Mollett. Description of an Artesian Well sunk at Avonside, 410.—J. 
Hector. On the Distribution of the Auriferous Cements in New Zealand, 
429.—S. H. Cox. On certain Minerals collected during the past Year by 
the Geological Survey Staff, 480.—S. H. Cox. On the Relation between 
Pitch Stones and Quartz Porphyries of the Mount Sumner’s District, Can- 
terbury, 432.—J. Hector. Notes on New-Zealand Cetacea, Recent and 
Fossil, 334. 

York. Natural-History Journal. Vol. ii. Nos.2&5 (1879), Vol. iv. 
Nos. 33-36 (1880), Vol. v. No. 41 (1881), and Vol. vi. No. 48 
(1882). 1879. Presented by W. Whitaker, Esq., F.G.S. 


—. York Herald, August 29 to September 9, 1881. (Hleven 
numbers, containing the account of the Meeting of the British 
Association.) Presented by S. W. North, Esq., F.GS. 


—. Yorkshire Philosophical Society. Annual Report for 1881. 
1882. 


Zoological Society. Proceedings. 1881, Parts 2-4. 1881-82. 
——. Report for the year 1881. 1882. 

——. Transactions. Vol. xi. Parts 6. 1882. 

——. ———. General Index to Vols.i. tox. 1881. 


2. Booxs. 


Names of Donors in Italics. 


Achepohl, L. Das niederrheinisch-westfilische Steinkohlengebirge. 
Lieferung 4-6. 4to. Essen, 1881-82. Purchased. 

Achiardi, A. @. Coralli fossili di Asolo. 8vo. Pisa, 1881. 

Adams, A. Leith, G. H. Kinahan, and R. J. Ussher, Explorations 
in the Bone Cave of Ballynamintra near Cappagh, County Water- 
ford. 4to. Dublin, 1881. 

Africa. Instructions nautiques sur les cétes sud et est d’Afrique. 
De Table Bay & Guardafui, par Loiziollon. 8vo. Paris, 1881. 
Presented by the Dépot de la Marine. 

Angelin, N. P. Geologisk 6fversigts-karta dfver Skane.  5vo. 
Lund, 1877. Presented by the Royal Swedish Academy of Sciences. 

Anon. [Cockburn, 8.] Rough Notes taken on a flying visit to the 
Northern District of British Honduras. 8vo. Belize, 1869. 
Presented by R. H. Scott, Esq., FRS., L.GS. 
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Anon. Mauna Loa. Full Account of the Great Volcanic Eruption 
from Mauna Loa, Hawaii, 1880. Newspaper slip. Honolulu, 
1880. 


Arcelin, Adrien. Explication de la carte géologique des deux 
Cantons (nord et sud) de Macon. 8vo. Macon,1881. Purchased. 


Army Medical Department. Report for the year 1879. Vol. xxi. 
8vo. London, 1881. 


Attwood, Melville. On the Milling of Gold Quartz. 8vo. Sacra- 
mento, 1882. 


Austria. K.-k. geologische Reichsanstalt. London International 
Exhibition, 1862. 8vo. Vienna, 1862. Presented by W. 
Whitaker, Esq., F.GS. 


Azores. Description nautique des Acores, par C. P. de Kerhallet. 
4° édition. 8vo. Paris, 1881. Presented by the Dépét de la 
Marine. 


Bakewell, Robert. An Introduction to Geology. Third American, 
from the Fifth London edition, edited, with an Appendix, by Prof. 
B. Silliman. Svo. New Haven, 1839. Purchased. 


Ball, V. A Manual of the Geology of India. Part III. Economic 
Geology. 8vo. Calcutta, 1881. Presented by the Geological 
Survey of India. 


—. —-. ——. Presented by the Author. 


Barrande, Joaquim. Acéphalés. Etudes locales et comparatives. 
(Extraits du Systéme Silurien du Centre de la Bohéme.) 8vo. 
Prague, 1881. 


—. Défense des Colonies. V. Apparition et réapparition en 
Angleterre et en Ecosse des espéces coloniales siluriennes de la 
Bohéme. 8yvo. Prague, 1881. 


Systéme Silurien du Centre de la Bohéme. leére Partie: 
Recherches Paléontologiques. Vol. VI. Classe des Mollusques, 
Ordre des Acéphalés. Text and Plates 1-48. 4to. Prague, 
1881. 


. ——. ——. Vol. VI. ——. Plates 49-154. 4to. 
Prague, 1881. 
: . —. Vol. VI. ——. Plates 155-254. 4to. 
Prague, 1881. 
——. Vol. VI. ——. Plates 255-361. 4to. 


Prague, 1881. 


Bauerman,H. Text-book of Systematic Mineralogy. 8vo. London, 
1881. Presented by W.S. Dallas, Esq., PLAS. 


Beardmore, N. Manual of Hydrology. 8vo. London, 1862. 
Presented by R. A. Peacock, Esq., F.GS. 
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Belgium. Commnussion de la Carte Géologique de la Belgique. Texte 
explicatif du levé géologique de la planchette de Casterlé, par M. le 
baron O. van Ertborn, avec la ces neaioe de P. Cogels. Svo. 
Brussels, 1881. 


. @Herenthals, par M. le baron O. van Ertborn, 
avec la collaboration de P. Cogels. 8vo. Brussels, 1881. 


: de Kermpt (Bolderberg), par M. le baron O. 
van epee ears avec la collaboration de P. Cogels. 8vo. Brussels, 
1881. 


: de Lille, par M. le baron O. van Ertborn avec 
la collaboration de P. Cogels. 8vo. Brussels, 1881. 


: de Renaix, par M. le capitaine EH. a 
Syo. Brussels, 1881. 


Beudant, F.S. Traité élémentaire de Minéralogie. Deuxiéme édi- 
tion. Tomelet2. 8vo. Paris, 1830-32. Purchased. 


Bevan, G. Phillips. The Statistical Atlas of England, Scotland, and 
Ireland. Part XII. Geology and Mining. Fol. Edinburgh, 
1881. 


Bird, C. <A short Sketch of the Geology of Yorkshire. 8vo. 
London, 1881. 

Blake, J. F. A Monograph of the British Fossil Cephalopoda. Part I. 
Introduction and Silurian Species. 4to. London, 1882. 

Blake, J. H. On the Age and Relation of the so-called ‘ Forest- 
bed” of the Norfolk and Suffolk Coast. 8vo. Norwich, 1882. 


On the Age of the Mammalian Rootlet-bed at Kessingland. 
8vo. London, 1877. 


Blake, W. P. Contributions to the Geology and Mineralogy of 


California. S8vo. Sacramento, 1881. 


Bologna. Congrés Géologique International. Rapports des Com- 
missions internationales. 2° Session, Bologne 1881. S8vo. Bologna, 
1881.) Presented by J. Arthur Phillips, Esq., PRS. 


—-.. —-. ——. Presented by Dr. A. Portis. 


. Institut de Géologie et de Paléontologie. Guide aux collections 
(pour MM. les membres du 2” congrés géologique international). 
Svo. Bologna, 1881. Presented by Dr. A. Portis. 


Bonney, T. G. Outline Sketches in the High Alps of Dauphiné. 
Ato. London, 1865. 


Boué, Ami. Autobiographie du Docteur médecin Ami Boué. 8vo. 
Vienna, 1879. 


Breynius [Breyn} Johann Philipp. JDissertatio Physica de Poly- 
phalamis * es... cui adjicitur commentatiuncula de Belemnitis 
Prussicis. 4to. Gedani, 1732. Presented by John Evans, Esq., 
FLRS. 
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British Association for the Advancement of Science. Jubilee 
Meeting in York, August 31st to September 8th, 1881. Pro- 
gramme of local arrangements and excursions. Edited by T. Adams 
and I’. Anderson. 8vo. York,1881. Presented by S. W. North, 
Esq., F.GS. 


British Museum (Natural History). A Guide to the Collection of 
Meteorites in the Department of Mineralogy, by LZ. Fletcher. 8vo. 
London, 1881. 


Brodie, P. B. The Origin and Use of Mineral Phosphates as a 
Manure. 8vo. Warwick, 1881. 


Brown, C. B., and J. G. Sawkins. Reports on the Physical, De- 
scriptive and Economic Geology of British Guiana. 8vo. London, 
1875. Presented by H.M. Secretary of State for the Colonies. 


Brown, J.C. Hydrology of South Africa: or details of the former 
Hydrographic condition of the Cape of Good Hope and of the causes 
of its present aridity, with suggestions of appropriate remedies 
for this aridity. 8vo. London, 1875. Purchased. 


Brown, R. Notes on the Northern Atlantic, for the use of tra- 
vellers. Svo. London, 1880. 


Burat, A. Les houilléres de la France en 1866. 8vo; Atlas 4to. 
Paris, 1867. Presented by Dr. C. Le Neve Foster, F.GN. 


Buss, Ernst, and Albert Heim. Der Bergsturz von Elm den 11. 
September 1881. S8vo. Zurich, 1881. Purchased. 


Callard, T. K. The Contemporaneity of Man with the Extinct 
Mammalia, as taught by recent cavern exploration, and its bear- 
ing upon the question of Man’s Antiquity. 8vo. London, 1881. 


Callon, J. Lectures on Mining delivered at the School of Mines, 
Paris. Translated by W. Galloway and C. Le Neve Foster. 
Vol. 2. 8vo; Atlas 4to. London, 1881. Purchased. 


Canada. Geological and Natural History Survey. Report of Pro- 
gress for 1879-80. 8vo. Montreal, 1881. 

Carez, L. Etude des terrains crétacés et tertiaires du Nord de 
Espagne. 8vo. Paris, 1881. Purchased. 


Caruana, A. A. Recent Discoveries at Notabile. 4to. Malta, 
1881. 


Report on the Phoenician and Roman Antiquities in the 
group of the Islands of Malta. 4to. Malta, 1832. 

Cassell’s Natural History. Vol. V. Edited by P. Martin Duncan. 
Ato. London, 1881. Presented by Messrs. Cassell, Petter, Galpin, 
and Co. : 

Cleve, P. T. Outlines of the North-eastern West India Islands. 
8vo. New York, 1881. Presented by T. Bland, Esq. 

Cockburn, S. Rough Notes on the Geology of British Honduras. 


12mo. Belize, 1867. Presented by R. H. Scott, Esq., F.BKS., 
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Cohen, E. Sammlung von Mikrophotographien zur Veranschau- 
lichung der mikroskopischen Structur von Mineralien und Ge- 
_steimen. Lief. V. 4to. Stuttgart, 1882. Purchased. 


Cole, Henry. Popular Geology subversive of Divine Revelation! 
8vo. London, 1834. Presented by H. Bauerman, Esq., FGA. 


Cole, Henry Warwick. Saint Augustine: a poem in eight books. 
8vo. Edinburgh, 1877. Presented by John Cole, Esq. 


Collins, J. H. The Geological Age of Central and West Cornwall. 
8vo. Truro, 1881. 


Cope, H. D. A new Clidastes from New Jersey. 8vo. Salem, 
1881. 

——. On the Canidez of the Loup Fork Epoch. 8vo. Washington, 
1881. 


——. On the Effect of Impacts and Strains on the Feet of Mam- 
malia. 8vo. Salem, 1881. 

Paleontological Bulletin. No. 33. On some Mammalia of 
the Lower Hocene Beds of New Mexico. 8vo. Philadelphia 
1881. 

——.-. Paleontological Bulletin. No. 34. Contributions to the 
History of the Vertebrata of the Lower Eocene of Wyoming and 
New Mexico, made during 1881. 8vo. Philadelphia, 1881. 


Review of the Rodentia of the Miocene Period of North 
America. 8vo. Washington, 1881. 
——. The Rodentia of the American Miocene. 8vo. Salem, 1881. 


—. The Temporary Dentition of a new Creodont. 8vo. Salem, 
1881. 


Cossa, Alfonso. Ricerche chimiche e microscopiche su roccie e 
minerali d’ Italia. 1875-80. 4to. Turin, 1881. Purchased. 


Cossigny, J. de. Reéflexions sur la classification et la nomenclature 
géologiques a propos des rapports des commissions internationales. 
8vo. Troyes, 1881. 


Cotteau, G. Hchinides nouveaux ou peu connus. Nos. 15 & 16. 
Svo. Paris, 1878 and 1880. 


Considérations stratigraphiques et paléontologiques sur les 
Kchinides de l’étage cénomanien de l’Algérie. 8vo. Paris, 1879. 
Catalogue des Echinides jurassiques de Normandie. 8vo. 
Havre, 1880 (?). 


Congrés des Sociétés savantes des départements : cinquante- 
naire de la Socicté Géologique de France. 8vo. Auxerre, 1880. 


Description des Echinides tertiaires de la Belgique.  4to. 
Brussels, 1880. 


.. Echinodermes réguliers. Terrain jurassique. Sheets 1-9. 
Plates 263-298. 8vo. Paris, 1880-81. 


Exposition d’histoire naturelle 4 Reims. 8vo. Paris, 1880. 
VOL. XXXVIII. 
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Cotteau, G. Sur les Echinides de Vétage turonien de |’Algérie. 
8vo. Paris, 1880. 


Sur les Echinides des terrains tertiaires dela Belgique. to. 
Paris, 1880. 


Congres international d’Anthropologie et d’Archéologie pré- 
historiques, Session de Lisbonne. Notes de voyage. 8vo. 
Auxerre, 1881. 


La section de Géologie du Congrés de l’Association francaise 
pour l’avancement des sciences 4 Reims. 8vo. Paris, 1881. 


, Péron et Gauthier. Echinides fossiles de Algérie. Fasc. 
6et 7. 8vo. Paris, 1880 and 1881. 


Cotteau, G., Péron et Gauthier. Echinides fossiles de l’Algérie. 
Fase. 7 et 8. Partie 1°. 8vo. Paris, 1881. Purchased. 


Credner, H. Die Stegocephalen (Labyrinthodonten) aus dem 
Rothliegenden des Plauen’schen Grundes bei Dresden. 1. und 2. 
Theil. 8vo. Berlin, 1881. 


Crookes, W., W. Odling, and C. M. Tidy. London Water Supply. 
Report on the composition and quality of daily samples of the 
water supplied to London. Nos. 1-5. 8vo. London, 1881. 
Presented by W. Whitaker, Esq., F.GS. 


Dana, J.D, On the Crystalline Limestone and the conformably asso- 
ciated Taconic and other Schists of the Green-Mountain Region. 
8vo. New Haven, Conn., 1873-1882. 


Darwin, C. The Formation of Vegetable Mould through the Action 
of Worms, with observations on their habits. S8vo. London, 
1881. 


Daubrée, A. Sur les réseaux de cassures ou diaclases qui coupent 
la série des terrains stratifiés : exemples fournis par les environs 
de Paris. 8vo. Paris, 1880. 


—-. Essai d’une classification des cassures de divers ordres, que 
présente l’écorce terrestre. 8vo. Paris, 1881. 


Dawson, J. W. Remarks on Mr. Carruthers’s Views of Prototawxites. 
8vo. London, 1873. 


De Rance, C. E. Third, Fourth, Fifth, Sixth, and Seventh Reports 
of the Committee for investigating the Circulation of the Under- 
ground Waters in the New Red Sandstone and Permian Forma- 
tions of England. (British Association for the Advancement of 
Science.) 8vo. London, 1878-82. 


Geological Notes and Specimens obtained from the Monton 
Drainage Works, near Patricroft. 8vo. London, 1881. 


——. The Water Supply of England and Wales; its geology, 
underground circulation, surface distribution, and statistics. 8vo. 
London, 1882. 
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Dumont, André. Mémoires sur les terrains crétacé et tertiaire. 
Edités par Michel Mourlon. Tome IV. ‘Terrains tertiaires, 3° 
partie. S8vo. Brussels, 1882. Presented hy the Musée Royal 
Vhistoire naturelle de Belgique. 

Duncan, P. Martin. Ona Radiolarian and some Microspongida 
from considerable depths in the Atlantic Ocean. 8vo. London, 
1881. 


——. Onsome Remarkable Enlargements of the Axial Canals of 
Sponge-Spicules and their Causes. 8vo. London, 1881. 


On the Coralliferous Series of Sind, and its Connexion with 
the last Upheaval of the Himalayas. 8vo. London, 1881. 


Dupont, Edouard. Sur Vorigine des calcaires dévoniens de la Bel- 
gique. 8vo. Brussels, 1881. : 


——. Notice sur la vie et les travaux de Pierre-Henri Nyst. 
12mo. Brussels, 1882. 


Elliott, H. W. A Monograph of the Seal-Islands of Alaska. 4to. 
Washington, 1882. 


Emmons, S. F. Abstract of a Report upon the Geology and Mining 
Industry of Leadville, Colorado. 4to. Washington, 1882. 


England and Wales. GeologicalSurvey. Memoirs. Explanations 
to Sheets. Presented by the Director General. 

Sheet 47. The geology of the N.W. part of Essex and the N.E. 
part of Herts, with parts of Cambridge and Suffolk. By 
W. Whitaker, W. H. Penning, W. H. Dalton, and F. J. 
Bennett.. 8vo. London, 1878. 

Sheet 508.W. The geology of the neighbourhood of Stow- 
market. By W. Whitaker, F. J. Bennett, and J. H. Blake. 
8vo. London, 1881. 

Sheet 518.W. The geology of the neighbourhood of Cam- 
bridge. By W.H. Penning and A.J.Jukes-Browne. With 
a paleontological appendix by R. Etheridge. 8vo. London, 
1881. 

Sheet 66 N.E.,S.E. The geology of the country around 
Norwich. By H. B. Woodward. 8vo. London, 1881. 

Sheet 71 N.E. The geology of the country around Nottingham. 
By W. T. Aveline. 2nd edition. 8vo. London, 1880. 

Sheet 80N.W. The geology of the country around Prescot, 
Lancashire. By Edward Hull. 3rd edition, with additions 
by A. Strahan. 8vo. London, 1882. 

Sheet 808.W. The geology of the neighbourhood of Chester. 
By Aubrey Strahan. ,8vo. London, 1882. 

Sheet 878.W. The geology of the neighbourhood of Barnsley. 
By A. H. Green. 8vo. London, 1878. 

Sheet 968.E. The geology of the Oolitic and Liassic Rocks 
to the north and west of Malton. By C. Fox-Strangways, 
The lists of fossils revised by R. Etheridge. 8vo. London, 
1881. 
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Engler, Adolf. Versuch einer Entwicklungsgeschichte der Pflan- 
zenwelt, insbesondere der Florengebiete seit der Tertiarperiode. 
Theil Il. S8vo. Leipzig, 1882. Purchased. 


English Channel. Pilote dela Manche. Cotes nord de France, par 
E. de Courthille et F. Hédouin. Tome II. 8vo. Paris, 1880. 
Presented by the Dépéot de la Marine. 


Evans, John. A few Words on Tertiary Man. 8vo. Hertford, 
1881. 


On Portions of a Cranium and a Jaw in the slab containing 
the fossil remains of the Archeopteryx. 8vo. London, 1881. 


Exhibition of 1878 (Paris). Catalogue Officiel. Liste des Récom- 
penses. 8vo. Paris, 1878. Presented by Dr. C. Le Neve Foster, 
F.GS. 


Falb, R. Grundziige zu einer Theorie der Erdbeben und Vulkanaus- 
briiche. Zweite Ausgabe. 8vo. Graz, 1880. Purchased. 


Favre, Ernest. Revue géologique suisse pour l’année 1881. XII. 
8vo. Geneva, 1882. - 


Felix, J. Studien iiber fossile Holzer. Svo. Leipzig, 1882. 


Finland. Geologiska Undersikning. Beskrifning till Kartbladet 
No. 3, af K. A. Moberg. 8vo. Helsingfors, 1881. 


No. 4, af K. A. Moberg. 8vo. Helsingfors, 


oe —_- 


1881. 


Fisher, Osmond. Physics of the Earth’s Crust. 8vo. London, 
1881. Purchased. 


Fleming, S. The Adoption of a Prime Meridian to be Common to 
all Nations. The Establishment of Standard Meridians for the 
Regulation of Time. 8vo. London, 1881. 


Fontannes, F. Les invertébrés du bassin tertiaire du Sud-est de la 
France. I. Les mollusques pliocénes de la vallée du Rhone et 
du Roussillon. Fasc.143. 4to. Lyons, 1879. Purchased. 


——. Etudes stratigraphiques et paléontologiques pour servir a 
Vhistoire de la période tertiaire dans le bassin du Rhéne. VI. 
Le bassin de Crest. 8vo. Lyons, 1880. Purchased. 


Foster, C. Le Neve. On the Occurrence of Cobalt ore in Flintshire. 
Svo. Penzance, 1881. 


Report upon the Inspection of Metalliferous Mines in the 
Counties of Anglesey, Brecon, Cardigan, Carnarvon, Denbigh, 
Flint, Merioneth, Montgomery. Radnor, and Shropshire ‘and 3 in the 
Isle of Man for the year 1880. 4to. London, 1881. 


Foster, C. Le Neve, and R. J. Frecheville. Report on the Inspection 
of Metalliferous Mines in the Counties of Cornwall, Devonshire, 
Dorsetshire, and part of Somersetshire for the year ended 31st 
December 1880. Ato. London, 13881. 


Fouqué, F., et Michel Lévy. Synthése des mineraux et des roches. 
8vo. Paris, 1882. Purchased. 
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Fraas, Oscar. Geognostiche Beschreibung von Wurttemberg, Baden 
und Hohenzollern. 8vo. Stuttgart, 1882. Purchased. 


France. Carte géologique detaillée de la France. Notice explica- 
tive. Feuilles 830 4113. (In slips.) 1881. Purchased. 


Dépot des Cartes et Plans de la Marine. Annuaire des 
courants de marée de la Manche pour l’an 1881, par Gaussin. 
Svo. Paris, 1881. 


Annuaire des marées des cotes de France pour lan 
1882, par Gaussin et Hatt. 12mo. Paris, 1881. 


Geikie, Archibald. Geological Sketches at home and abroad. 8vo. 
London, 1882. Purchased. 


Geikic, James. ‘The Intercrossing of Erratics in Glacial Deposits. 
Svo. FSe2. ? 

Gill, Theodore. Giinther’s Literature and Morphography of Fishes. 
A Review of Dr. Giunther’s Introduction to the Study of Fishes. 
8vo. New York, 1881. 


Great Britain. Geological Survey. Memoirs. Figures and De- 
scriptions illustrative of British Organic Remains. Monograph 1. 
By T. H. Huxley. Text. 4to. London, 1859. 

: . —. —. Decadex. By T.H. Huxley. to. 

London, 1861. 


._ —. —. Decade xi. By T. H. Huxley. 
Ato. London, 1866. 


. Decade xi.” By Sir Pode MG: 
Egerton, A. Giinther, and T. H. Huxley. 4to. London, 1872. 


Greenland. Meddelelser om Gronland, udgivne af Commisszonen for 
Ledelsen af de geologiske og geographiske undersdgelser i Gron- 
land. Heftet 1-3. 8vo. Copenhagen, 1879-81. 

——. Heftet2&3. 8vo. Copenhagen, 1881 and 1880. 
Purchased. 

Groth, P. Tabellarische Uebersicht der Mineralien nach ihren kry- 
stallographisch-chemischen Beziehungen geordnet. 2° Aufiage. 
Ato. Brunswick, 1882. Purchased. 

Guiscardi, G. Il terremoto di Casamicciola del 4 marzo 1881. 
4to. , LSSI, 

Habenicht, H. Kinige Gedanken iiber die hauptsachlichsten re- 
centen Veriinderungen der Erdoberfliche. 8vo. Gotha, 1882. 
Hague, J. D. Mining Industries at the Paris Exposition, 1878. 

8vo. Washington, 1880. 

Hanks, H.G. Diatoms. S8vo. Sacramento, 1882. 

Harcourt, L. F. Vernon. A Treatise on Rivers and Canals, relating 
to the Control and Improvement of Rivers and the Design, Con- 


struction and Development of Canals. Vol. i. Text; Vol. ii. 
Plans. 8vo. Oxford, 1882. 
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Harrison, W. J. A Sketch of the Geology of Lincolnshire. 8vo. 
Sheffield, 1882. 


On the Teaching of Science in Public Elementary Schools. 
Svo. Birmingham, 1881. 


Harrison, W. J. Geology of the Counties of England and of North 
and South Wales. Svo. London, 1882. Purchased. 


Hasse, C. Das natiirliche system der Elasmobranchier auf Grund- 
lage des Baues und der Entwicklung ihrer Wirbelsiiule. Beson- 
derer Theil. Lieferung 1. 4to. Jena, 1882. Purchased. 


Haswell, W. A. Catalogue of the Australian Stalk- and Sessile-eyed 
Crustacea. Svo. Sydney, 1882. Presented by the Trustees of 
the Australian Museum. 


Hauer, F.v., und M. Newmayr. Fuhrer zu den Excursionen der 
Deutschen geologischen Gesellschaft nach der allgemeinen Ver- 
sammlung in Wien 1877. 8vo. Vienna, 1877. 


Heer, O. Contributions 4 la flore fossile du Portugal. 4to. Zurich, 
1881. 


Heim, A. Ueber Bergstiirze. 4to. Zurich, 1882. Purchased. 


Henry, J. Aineidea, or Critical, Exegetical, and Aisthetical Re- 
marks on the Aineis. Vol. ii., continued. S8vo. Dublin, 1879. 
Presented by his Trustees. 


Henry, Joseph. A Memorial of. 8vo. Washington, 1880. Pre- 
sented by the Smithsonian Institution. 


Hicks, H. The Classification of the Eozoic and Lower Palozoic 
Rocks of the British Isles. 8vo. London,1881. 


Holmes, T. V. Notes on a Submerged Forest off Cardurnock on the 
Solway, and on the Destruction of Skinburness by the Sea about 
the year 1305. 8vo. Carlisle, 1882. 


. Notes on the Physical Geography of North-west Cumberland. 
8vo. Carlisle, 1882. 


Holub, E., und WZ. Newmayr. Ueber einige Fossilien aus der Uiten- 
hageformation in Siid-Africa. 4to. Vienna, 1881. 


Home, D. Milne. The Estuary of the Forth and adjoining Districts 
viewed geologically. 8vo. Edinburgh, 1871. Purchased. 


Hopkinson, John. The Formation and Arrangement of provincial 
Museums. Svo. Hertford, 1881. 


On some Points in the Morphology of the Rhabdophora, or 
true Graptolites. S8vo. London, 1882. 


Hornes, R., und M. Auinger. Die Gasteropoden der Meeres-Ablage- 
rungen der ersten und zweiten miociinen Mediterran-Stufe in der 
dsterreichisch-ungarischen Monarchie. Lief. 3. 4to. Vienna, 
1882. 
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Howchin, W. Notes on a Find of Prehistoric Implements in Allen- 
dale, with notices of similar finds in the surrounding district. 
8vo. Newcastle-on-Tyne, 1880. 

Hudleston, W. H. Report of the Excursion of the Geologists’ 
Association to Aylesbury. S8vo. London, 1880. 

. Notes on some Gasteropoda from the Portland Rocks of the 

Vale of Wardour and of Bucks. 8vo. London, 1881. 


——. Onthe Geology of the Vale of Wardour. 8vo. London, 
1881. 


——. On Deep Sea Investigation. 8vo. London, 1882. 
On the Geology of the Neighbourhood of Keswick. 8vo. 
London, 1882. 


Hull, H. On the Laurentian Rocks of Donegal and of other Parts 
of Ireland. 4to. Dublin, 1882. 


Hunter, &. The Encyclopedic Dictionary. Vol. I. Part 2. Bab.— 
Cab. 4to. London, 1881. 


India. Geological Survey. Memoirs. Vol. xvi. Parts 2&3. 
1880. | 


—. ——. ——. Vol. xviii. Parts 1-3. 1881. 


. Paleontologia Indica. Series2. Fossil 
Flora of the Gondwana System, Vol.i. Index &. 1880. 


: . Series 11. Fossil Flora of 
the Gondwana System. Vol. ii. Index &. 18809. 


——. Series 12. Fossil Flora of 
the Gondwana System. Vol. iii. Part 1. (Supplement). The Flora 
of the Talchir-Karharbari Beds. By O. Feistmantel. 1881. 


; : ; ; , series 12. Fossil Flora of the 
Gondwana System. Vol. iii. Part 2. The Flora of the Damuda 
and Panchet Divisions (Part 1). By O. Feistmantel. 1880. 


: , ; , . Ser. 12. Fossil Flora of the 
Gondwana System. Vol. ii. Part3. The Flora of the Damuda 
and Panchet Divisions. By O. Feistmantel. 1881. 


: : Ser. 13. Salt-Range Fossils. 
By W. Waagen. I. Productus-Limestone Fossils. iii. Pelecy- 
poda. 1881. 


- wer, 14... Tertiary sand 
Upper Cretaceous Fossils of Western Sind. Vol. i. 3. The 
fossil Echinoidea. Fasc. 1. By P. M. Duncan and W. P. Sladen. 
1882. 


India. Geological Survey. Records. Vol. xiv. Parts 3&4. 1881. 
—. Vol.xv. Parts1 & 2. 1882. 


Indiana. Department of Statistics and Geology. Second Annual — 


Report, 1880. 8vo. Indianapolis, 1880. (Two copies.) 
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Italy. Buibliographie géologique et paléontologique de l’Italie, par 
les soins du Comité d’organisation du 2° Congrés géologique in- 
ternational 4 Bologne 1881. 8vo. Bologne. 1881. Presented 
by J. Arthur Phillips, Esq., PRS. F.GS. 


—. ——. ——.. Presented by Dr. A. Portis. 


——. Statistica del Regno d’Italia. Industria mineraria. Anno 
1865. 4to. Milan, 1868. Presented by Dr. C. Le Neve Foster, 
F.GS. 


Jamieson, T. F. On the Drift-beds and Boulders of the North of 
Scotland; and, On the Junction of Granite with the Stratified 
Rocks in Aberdeenshire. 8vo. Aberdeen, 1859. Presented by 
R. W. Scott, Esq., F_RS., F.G.S. 


Jeffreys, J. Gwyn. Address delivered at the Anniversary Meeting 
of the Hertfordshire Natural-History Society and Field Club on 
the 15th of February 1881. (On Deep-sea Exploration.) 8vo. 
Hertford, 1881. 


Jeffreys, J. Gwyn. On the Mollusca procured during the ‘ Light- 
ning’ and ‘ Porcupine’ Expeditions, 1868-70. Parts 3 & 4. 
8vo. London, 1881. 


Jervis, G. I tesori sotterranei dell’ Italia. Parte 3. S8vo. Turin, 
1881. 


Johnstrup, F. Gieseckes mineralogiske rejse 1 Gronland, med et 
tilleg om de Gronlandske stednavnes retskrivning og etymologi af 
H. Rink. 8vo. Copenhagen, 1878. 


Jones, 1’. Rupert. Notes on some Paleozoic Bivalved Entomostraca. 
Svo. London, 1881. 


Notes on the Paleozoic Bivalved Entomostraca. No. XII. 
Some Cambrian and Silurian Leperditie and Primitiw.  8vo. 
London, 1881. 


The Geologists’ Association: its Origin and Progress, being 
the Presidential Address delivered at the opening of Session 
1880-81. 8vo. London, 1881. 


Jones, I. Rupert. Catalogue of the Fossil Foraminifera in the Col- 
lection of the British Museum (Natural History). 8vo. London, 
1882. Presented by the Trustees of the British Museum. 


Judd, J. W. Volcanoes: what they are, and what they teach. 
8vo. London, 1881. 

Jukes, J. B. The School Manual of Geology. Fourth edition, 
edited by A. J. Jukes-Browne. 8vo. Edinburgh, 1881. 


Julien, A. A. On the Examination of Carbon Dioxide in the Fluid- 
cavities of Topaz. 8vo. New York, 1881? 


Keeping, Walter. A popular Hand-book to the Natural-History 
Collection in the Museum of the Yorkshire Philosophical Society, 
York, 8vo. York, 1881. 
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Kilgour, George. Railway Extension in the Colony of the Cape of 
Good Hope, South Africa. 4to. Cape Town, 1881. 

Kinahan, G. H. Valleys and their Relation to Fissures, Fractures, 
and Faults. 8vo. London, 1875. Purchased. 

King, W., and T. H. Rowney. An Old Chapter of the Geological 
Record with a New Interpretation ; or Rock-metamorphism (espe- 
cially the methylosed kind) and its resultant Imitations of Organ- 
isms. S8vo. London, 1881. Purchased. 

Kokscharow, N. v. Materialien zur Mineralogie Russlands. Band 
VIII. pp. 33-320. 8vo. St. Petersburg, 1881. 

Kollner, Karl. Die geologische Entwickelungsgeschichte der Siiu- 
gethiere. 8vo. Vienna, 1882. Purchased. 

Kovatsch, Martin. Die Versandung von Venedig und ihre Ursachen. 
8vo. Leipzig, 1882. Purchased. 

Lapparent, A.de. Traité de Géologie. Fasc. 1-5. 8vo. Paris, 
1881-82. | 

—-, Purchased. 

Lee, J. E. Note-book of an Amateur Geologist. S8vo. London, 
1881. Presented by W.S. Dallas, Esq., PLS. 

Lefebvre, Eugéne. Le Sel. Svo. Paris, 1882. Purchased. 

Lesquereux, Leo. Land Plants recently discovered in the Silurian 
Rocks of the United States. 8vo. Philadelphia, 1877. 

Remarks on the Cretaceous and Tertiary Flora of the 
Western Territories. Svo. New Haven, 1882. 

Leyden. Geologische Reichsmuseums. Sammlungen.~ No. 1. 
Beitrige zur Geologie Ost-Asiens und Australiens. Herausge- 
geben von K. Martinund A. Wichmann. Heft1. 8vo. Leyden, 
1881. Purchased. 

Leymerie, A. Description géologique et paléontologique des Pyre- 
nées de la Haute-Garonne. Text, 8vo, Toulouse, 1881; Atlas, 
obl. 8vo, Toulouse, 1878 (see Maps). 

Liversidge, A. Notes upon some Minerals from New Caledonia. 
ovo. sydney, 1381. 

——. On some New-South-Wales Minerals. 8yvo. Sydney, 1881. 

. On the Composition of some Coral Limestones &c. from the 

South-Sea Islands. 8vo. Sydney, 1880. 

The Action of Sea-water upon Cast Iron. 8vo. Sydney, 
1880 (?). 

——. Waters from Hot Springs, New Britain and Fiji. 8vo. 
Sydney, 1881. 

——. On the Composition of some Wood enclosed in Basalt. 8vo. 
Sydney, 1881. 

. Upon the Composition of some New-South-Wales Coals. 

8vo. Sydney, 1881. 
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Loriol, P.de. Monographie des Echinides contenus dans les couches 
nummulitiques de VEgypte. 4to. Paris, 1881. Purchased. 


Liidecke, Otto. Mesolith und Skolezit. 8vo. Stuttgart, 1881. 


Lundgren, B. Ueber Angelin’s geologische Uebersichts- Karte von 
Schonen. 8vo. Stuttgart, 1878. 


Undersékningar 6fver Mollusk-faunan i Sveriges iildre meso- 
zoiska bildningar. 4to. Lund, 1881. 


Lyell, Mrs. Life, Letters, and Journals of Sir Charles Lyell, Bart. 
2vols. 8vo. London, 1881. Presented by Prof. P. M. Duncan, 
FERS. V.PGS, 


Mactarlane, James. The Geologist’s Travelling Handbook. An 
American Geological Railway Guide, giving the geological for- 
mation at every railway station, with notes on intersecting places 
on the routes, and a description of each of the formations. $vo. 
New York, 1879. Purchased. 


Macpherson, J. Apuntes petrogrificos de Galicia. 8vo. Madrid, 
1881. 


——. Relacion entre las formas orogrificas y la constitucion geo- 
idgica de la serrania de Ronda. 8vo. Madrid, 1881. 


Madeira. Madeére, les iles Salvages et les iles Canaries. Instructions 
nautiques, parC. P.de Kerhallet. 8vo. Paris, 1880. Presented 
by the Dépot de la Marine. 

Mallet, F. R. On Cobaltite and Danaite from the Khetri Mines, 
Rajputana ; with some remarks on Jaipurite (Syepoorite). 8vo. 
Calcutta, 1881. . 


On the Occurrence of Zinc-ore (Smithsonite and Blende) 
with Barytes in Karnul District, Madras. 8vo. Calcutta, 1881. - 


Marsh, O. C. Contributions to the Mineralogy of Nova Scotia. 
8vo. New Haven, 1867. 


Discovery of additional Mastodon-remains at Cohoes, N. Y. 
8vo. New Haven, 1867. 


——. Notice of a new Genus of fossil Sponges from the Lower 
Silurian. 8vo. New Haven, 1867. 


Notice of M. Delesse’s Geological Map of the Department of 
the Seine. S8vo. New Haven, 1867. 

. On the Paleotrochis of Emmons from North Carolina. 
8vo. New Haven, 1868. 


. Notice of some new Tertiary and Cretaceous Fishes. 8vo. 
Salem, 1869. 


Notice of some new fossil Mammals and Birds from the 
Tertiary Formation. 8vo. New Haven, 1871. 


Notice of some new fossil Remains from the Cretaceous and 
Tertiary Formations ; with Note on a new and gigantic Species 
of Pterodactyle. S8vo. New Haven, 1871. 


—_. 
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Marsh, O. C. Discovery of fossil Quadrumana in the Eocene of 
Wyoming. 8vo. New Haven, 1872. 


Notice of a new and remarkable Fossil Rird. Svo. New 
Haven. 1872. 


—. Notice of a new Species of Zinoceras. 8vo. New Haven, 


Notice of some remarkable Fossil Mammals. S8vo. New 
Haven, 1872. 


Notice of a new Species of Hadrosaurus. 8vo. New Haven, 


1872. 


Preliminary Description of new Tertiary Mammals. Part 1. 
8vo. New Haven, 1872. 


Preliminary Description of new Tertiary Reptiles. 8vo. 


1872. 


Fossil Birds from the Cretaceous of North America. S8vo. 
New Haven, 1873. 


Note on the Dates of some of Prof. Cope’s recent Papers. 
8vo. New Haven, 1873. 


Notice of new Tertiary Mammals. Svo. New Haven, 


1873 


——. Notice of new Tertiary Mammals. II. 8vo. New Haven, 
1873. . 


——. On the Genus T%noceras and its allies. 8yvo. Salem, 1873. 


——. Supplementary Note onthe Dinocerata. 8vo. New Haven, 
1873 


Notice of new Equine Mammals from the Tertiary Forma- 
tion. 8vo. New Haven, 1874. 


——. Notice of new Tertiary Mammals. III. 8vo. New Haven, 
1874. 


Small Size of the Brain in Tertiary Mammals. 8vo. New 
Haven, 1874. 


New Order of Eocene Mammals, and Notice of new Tertiary 
Mammals. [IV.] 8vo. New Haven, 1875. 


Notice of a new Suborder of Pterosauria, and Notice of new 
Odontornithes. S8vo. New Haven, 1876. 


——. Notice of new Tertiary Mammals. V. 8vo. New Haven, 
1876. 


Principal Characters of American Pterodactyls. 8vo. New 
Haven, 1876. 

Principal Characters of the Tillodontia. Part 1. 8vo. 
New Haven, 1876. 


Recent Discoveries of extinct Animals. S8vo. New 
Haven. 1876. 
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Marsh, O. C. A new Order of extinct Reptilia (Stegosauria) from 
the Jurassic of the Rocky Mountains. 8vo. New Haven, 1877. 


Introduction and Succession of Vertebrate life in America. 
8vo. 1877. 


——. Notice of some new Vertebrate Fossils. Svo. New Haven, 


New Pterodactyl from the Jurassic of the Rocky Mountains. 
8vo. New Haven, 1878. 


New Species of Ceratodus from the Jurassic. 8vo. New 
Haven, 1878. 


——. Notice of new Dinosaurian Reptiles. 8vo. New Haven, 


——. Notice of new Fossil Reptiles. Svo. New Haven, 1878. 


Additional Remains of Jurassic Mammals. S8vo. New 
Haven, 1879. 


——. Polydactyle Horses, recent and extinct. S8vo. New Haven, 
1879. 


Principal Characters of American Jurassic Dinosaurs. 8vo. 
New Haven, 1879. 


——. Notice of a new Species of Gavial from the Eocene of New 
Jersey. Svo. New Haven, 1879. : 
——. The Vertebre of Recent Birds. Svo. New Haven, 1879. 


——. The Limbs of Sauranodon, with Notice of a new Species. 
Svo. New Haven, 1880. 

——. Jurassic Birds and their Allies. Svo. New Haven, 1881. 

——. Notice of new Jurassic Mammals. 8vo. New Haven, 1881. 

——. Restoration of Dinoceras mirabile. 8vo. New Haven, 1881. 


——. On the Preservation of Colour in Fossils from the Paleozoic 
Formation. S8vo. No date. 


——. Scientific Expedition to the Rocky Mountains. 8vo. New 
Haven? No date. 


Mediterranean Sea. Bassin oriental de la mer Méditerranée. 
2° partie. Tripoli, Egypte. par De Courtivron. 8vo. Paris, 
1880. Presented by the Dépét de la Marine. 


Mercey, M. de. Quelques mots sur le quaternaire ancien du nord 
de la France. 8vo. Meulan, 1881. 


Remarques sur les systémes de la Basse-Somme et de la 
Basse-Oise et sur leurs rapports avec la structure et le relief 
du sol dans une partie du nord de la France, 4 V’occasion des 
indications de M. Daubrée. Svo. Meulan, 1881. 


Sur la théorie du quaternaire ancien dans le nord de la 
France. S8vo. Meulan, 1881. 
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Meunier, Stanislas. Excursions géologiques 4 travers la France. 
8vo. Paris, 1882. Purchased. 


Michigan Geological Survey. Upper Peninsula, 1878-80. Vol. IV. 
by C. Rominger. 8vo. New York, 1881. 


Milne, J. A Portion of the Seismological Apparatus used in Japan. 
8vo. Tokio, 1881. 


Mortillet, Gabriel et Adrien de. Musée préhistorique. 8vo. Paris, 
1881. Purchased. 


Morris, John. Coal Plants. 8vo. London, 1862. 


Geological Excursion to Bath and its Neighbourhood. 8vo. 
London, 1868. 


Geological Notes on Parts of Northampton- and Lincoln- 
shires. 8vo. London, 1869. 


On the Genus Achmodus from the Lias of Lyme Regis, 
Dorsetshire. 8vo. London, 1869. 


Eminent living Geologists (No. 3). 8vo. London, 1878. 


A List of British Fossils, stratigraphically and zoologically 
arranged, with a reference to a figure of each species. 8vo. 
London, 1s 


Naumann, Carl Friedrich. Elemente der Mineralogie, elfte Auflage 
yon Ferdinand Zirkel. 8vo. Leipzig, 1881. Purchased. 

Neumayr, M. Die krystallinischen Schiefer in Attika. 8vo. 
Berlin, 1881. | 

Morphologische Studien iiber fossile Echinodermen. §8vo. 
Vienna, 1881. 

Newberry, J.S. The Genesis of the Ores of Iron. 8vo. New York, 
1880. 


The Origin and Classification of Ore Deposits. S8vo. New 
York, 1880. 


Hypothetical High Tides, as Agents of Geological Change. 
8vo. New York, 1882. 


Newfoundland. Geological Survey of Newfoundland. Alewander 
Murray, Director ; James P. Howley, Assistant. [Being a re- 
vised reissue, in one volume, of the whole set of the Reports of 
Progress up to 1881.| 8vo. London, 1881. 


New Jersey. Geological Survey. Annual Report of the State 
Geologist (G. H. Cook) for the year 1881. 8vo. Trenton, N.J. 
1881. 


New Zealand. Colonial Museum and Geological Survey Department. 
Paleontology of New Zealand. Part 1V. Corals and Bryozoa of 
the Neozoic Period in New Zealand. By J. EK. Tenison- Woods. 
8vo. Wellington, 1880. Presented by the Secretary of State for . 
the Colomes. 
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New Zealand. Colonial Museum and Geological Survey Department. 
Reports of Geological Explorations during 1879-80. Svo. Wel- 
lington, 1881. 


——. Presented by the Secretary of State for the 


Colonies. 


. Thermal-springs Districts. 4to. Wellington, 1882. Pre- 
sented by Dr. J. Hector, C.M.G., P.RS., FLGS. 

Nicholson, H. A. A Manual of Paleontology for the use of Students. 
2nd edition. 2 vols. 8vo. Edinburgh, 1879. Purchased. 

Nicholson, H. A., and &. Etheridge, jun. A Monograph of the 
Silurian Fossils of the Girvan District in Ayrshire, with special 


reference to those contained in the “ Gray Collection.” Fasciculus 
III. 8vo. Edinburgh, 1880. 


Nova Scotia. Department of Mines. Report for the Year 1881. 
Svo. Halifax, N.8., 1882. Presented by E. Gilpin, jun., Esq., 
F.GS., Inspector of Mines. 

Ormerod, G. W. What hasthe Teign Naturalists’ Field Club done ? 
Svo. Exeter, 1881. 

Owen, R. On the Nature of Limbs. 8vo. London, 1849. Pur- 
chased. 


Paléontologie francaise. Premicre Série. Animaux Invertébrés. 
Terrain Jurassique. Livraisons 47-50. Echinodermes réguliers, 
par G. Cotteau. 8vo. Paris, 1882. Purchased. 


Papworth, Wyatt. Memoir of Alfred W. Whitehead Mortant. 12mo, 
London, 1881. 


Paris. Exhibition of 1878. Reports of the United-States Commis- 
sioners. Vols. I.-V. 8vo. Washington, 1880. Presented by H. 
Baverman, Esq., F.GS. 


Parliamentary Return. Metallurgical Department. Return to an 
Order of the House of Lords, dated 15th March 1880, for Copy of 
Correspondence relating to the Transfer to South Kensington of 
the Metallurgical Department which has been conducted in 
Jermyn Street since the year 1851. 4to. London, 1880. 


Portis, Alessandro. Ueber die Osteologie von Rhinoceros Merckii, 
Jig., und uber die diluviale Siiugethierfauna von Taubach bei 
Weimar. 4to. Cassel, 1878. 


Ueber fossile Schildkroten aus dem Kimmeridge von 
Hannover. 4to. Cassel, 1878. 


Di alcuni fossili terziarii del Piemonte e della Liguria 
appartenenti all’ ordine dei Chelonii. 4to. Turin, 1879. 


Intorno ad alcune impronte eoceniche di vertebrati recente- 
mente scoperte in Piemonte. 8vo. Turin, 1879. 


Sui terreni stratificati di Argentera (valle della Stura di 
Cuneo). 4to. Turin, 1881. 
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Purves, J. C. Sur la délimitation et la constitution de l’étage 
houiller inférieur de la Belgique. S8vo. Brussels, 1881. 


Queensland. Geological Survey of Northern Queensland. Further 
Reports on the Progress of the Gold-prospecting Expedition in 
Cape-York Peninsula. By R. L. Jack. 4to. Brisbane, 1881. 
Presented by the Secretary of State for the Colonies. 


Quenstedt, F. A. Petrefactenkunde Deutschlands. Abth. 1. 
Band VI. Heft 7. Korallen (Sternkorallen). S8vo; Atlas, 
4to. Leipzig, 1881. Purchased. 


a Abth.1. Band VII. Heft 1. Gasteropoden, Heft 
1, and Atlas. 1881. Purchased. 


Rammelsberg, C. F. Handbuch der krystallographisch-physika- 
lischen Chemie. Abtheilung 1. Elemente und anorganische 
Verbindungen. 8vo. Leipzig, 1881. Purchased. 


—. ——. Abth.2. 8vo. Leipzig, 1882. Purchased. 


Raulin, V. Le terrain houiller. Svo. Bordeaux, 1868. Presented 
by Lt. H. Scott, Ksq., FLBS., GSN. 


Reade, T. Mellard. Notes on the Southern Drift of England and 
Wales. 8vo. Liverpool, 1881. 


——. “Rivers.” Svo. Liverpool, 1882. 


Renault, B. Cours de Botanique fossile fait au Muséum d’Histoire 
naturelle. Deuxiéme Année. 8vo. Paris, 1882. Purchased. 


Reyer, E. Geologie des Eisens. S8vo. Vienna, 1882. 

Renevier, HE. Rapport sur la marche du Musée géologique vaudois 
en 1880. 8vo. Lausanne, 1881. 

. Rapport sur l’unification des procédés graphiques en géologie. 

8vo. Bologna, 1881. 

Rapport du Comité suisse sur ’unification de la nomenclature. 
Svo. Geneva, 1881. 

Ribbentrop, Alfred. Beschreibung des Bergreviers Daaden-Kirchen. 
8vo. Bonn, 1882. Purchased. 


Richthofen, Ferdinand Freiherrn von. China. Band Il. Das 
nordliche China. 4to. Berlin, 1882. Purchased. 
Ricketts, C. On Split and other Boulders. 8vo. Liverpool, 1881. 


Ritch, Hon. W.G. Inaugural Address to the Historical Society of 
New Mexico. Second edition. 12mo. Santa Fé, N. M., 1881. 
Presented by W. J. Howard, Esq. 


Rohrig, E. Worterbuch in englischer und deutscher Sprache fiir 
Berg- und Hiittentechnik und deren Hilfswissenschaften. Zweiter 
Theil. 8vo. Leipzig, 1881. Purchased. 


Ritimeyer, L. Beitriige zu einer natirlichen Geschichte der Hirsche. 
Erster Theil. 4to. Zurich, 1881. 
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Rutot, A., Etude sur la constitution géologique du Mont de la 
Musique. Svo. Brussels, 1880. 


Compte rendu des excursions faites en commun par les 
Socictés géologique et malacologique de Belgique aux environs 
de Bruxelles (5-7 septembre 1880). 8vo. Brussels, 1881. 


Compte rendu d’une course dans le quaternaire de la vallée 
de la Somme aux environs d’Abbeville. 8vo. Brussels, 1881. 


——. UCompte rendu présénté a la Société malacologique de Belgique 
de l’excursion de la Société géologique de France dans le Boulon- 
nais (9-18 septembre 1880). 8vo. Brussels, 1881. 


Sur la position stratigraphique des restes de mammiféres 
terrestres recueillis dans les couches de l’éocéne de Belgique. 8vo. 
Brussels, 1881. 


, et G. Vincent. Coup d’ceil sur ]’état actuel d’avancement des 
connaissances géologiques relatives aux terrains tertiaires de la 
Belgique. 8vo. Liége, 1879. 

Sandberger, Fridolin. Untersuchungen iiber Erzgiinge. Heft 1. 
Svo. Wiesbaden, 1882. Purchased. 


Saporta, G. de. Les temps quaternaires. 8vo. Paris, 1881. 


Sauvage, H. E. Note sur les poissons fossiles d’Eure et Dréme. 
8vo. Lyon, 1880. 


Notice sur les poissons tertiaires de Céreste (Basses-Alpes). 
Svo. Paris, 1880. 


Saxony. Geologische Landesuntersuchung des Kongreichs Sachsen. 


Erliiuterungen. Blatt 26, 27, 42, 43, 78,126,139. 8vo. Leipzig, 
1880. 


Schmidt, F. and 7. Rupert Jones. On some Silurian Leperditie. 
8vo. London, 1882. 


Schwedoff, T. Les configurations de la grande cométe de 1882 a 
prédites d’aprés la théorie des ondes cosmiques. 4to. Odessa, 
1882. 


Scotland. Geological Survey. Explanation of Sheets 1 to 4, 4, 9, 
13-15, 22-24, and 31. 8vo. Edinburgh, 1869-79. 


Scudder, S. H. Problems in Entomology. 8vo. Salem, 1881. 


——. The Tertiary Lake Basin of Florissant, Colorado. 8vo. 
Washington, 1881. 


——. A Bibliography of Fossil Insects. 8vo. Cambridge, Mass., 
1882. 


Archipolypoda, a Subordinal Type of spined Myriapods from 
the Carboniferous Formation. 4to. Boston, 1882. 


Seguenza, G. Le formazioni terziarie nella provincia di Reggio 
(Calabria). 4to. Rome, 1880. 


ADDITIONS TO THE LIBRARY. 317 


Sequenza, G. Le Ringicole italiane, ovvero ricerche speciologiche e 
stratigrafiche intorno alle Ringicole raccolte negli strati terziari 
@ Italia. 4to. Rome, 1881. 

South Australia. Meteorological Observations made at the Adelaide 
Observatory during the year 1879, under the direction of Charles 
Todd. 4to. Adelaide, 1881. Presented by the Oolomal 
Government. 

. Report on Country for the extension of Government Gums 
Railway. By D. B. Bain. 4to. Adelaide, 1881. Presented 
by the Colomal Government. 

Woods and Forests. Annual Report of the Forest Board, 
with Conservator’s Progress Report and Appendices for 1880-81. 
Ato. Adelaide, 1881. Presented by the Colonial Government. 

Spain. Comision delmapa geoldgico de Espana. Boletin. Tomo VIII. 
Cuaderno 1&2. S8vo. Madrid, 1881. 

Memorias. Descripcion fisica, geologica y minera 
de la provincia de Salamanca por Amalio Gil y Maestre, 8vo. 
Madrid, 1880. 

Stoppani, Antonio. Carattere marino dei grandi anfiteatri morenicl 
dell’ alta Italia. 8vo. Milan, 1878. Two copies. 

Stur, D. Die Silur- Flora der Etage H h, in Bohmen. 8vo. Vienna, 
1881. 


Zur Morphologie der Calamarien. Svo. Vienna, 1881. 


Sutcliffe, Joseph. The Geology of the Avon, being an enquiry into 
the Order of the Strata and Mineral Productions of the district 
washed by its streams. 4to. Bristol, 1822. Purchased. i 


Switzerland. Geologische Commission der Schweiz. Beitrage zur 
geologischen Karte. Lieferung 14. Dritte Abtheilung. Geologische 
Beschreibung der Kalkstein- und Schiefergebilde der Kantone 
Appenzell, St. Gallen, Glarus und Schwyz, von Casimir Meesch. 
4to. Bern, 1881. 


; : Lieferung 23. Das siidwestliche Graubiinden 
und nordéstliche Tessin, von F. Rolle. Ato. Bern, 1881. 


Sweden. Jernkontoret. Geologisk ofversigtskarta dfver medlersta 
Sveriges bergslag. Beskrifning. Nos. 4,5, & 7. 8vo. Stock- 
holm, 1881. 

Sveriges geologiska undersikning. Afhandlingar och upp- 

satser. 

No. 36. Om Spirangiwm och dess forekomst i Skanes kolforande 
pildningar, af A. G. Nathorst. 8v0. Stockholm, 1879. 

No. 37. Om Gotlands Graptoliter, af G. Linnarsson. $8vo. 
Stockholm, 1879. 

No. 38. Om de svenska urbergens sekulira forvittring, af 
A. G. Nathorst. 8vo. Stockholm, 1880. 

No. 39. Om de ildre sandstens- och skifferbildningarne vid 
Vettern, af A. G. Nathorst. 8vo, Stockholm, 1880. 
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No. 40. Nagra iakttagelser Ofver Dalarnes Graptolit-skiffrar, 
af §. L. Torngvist. 8vo. Stockholm, 1880. 

No. 41. Om lagerféljden i de kambriska och siluriska afla- 
gringarne vid Rostanga, af 8. A. Tullberg. 8vo. Stockholm, 
1880. 

No. 42. Om Agnostus-arterna i de kambriska aflagringarne 
vid Andrarum, af 8. A. Tullberg. 4to. Stockholm, 1880. 
No. 48. Om forsteningarne i de svenska lagren med Peltura 
och Spherophthalmus, af G.Linnarsson. 8vo. Stockholm, 

1880. - 

No. 44. Om de vixtforande lagren i Skines kolforande 
bildningar och deras plats i lagerfoljden, af A. G. Nathorst. 
8vo. Stockholm, 1880. 


Sweden. Sveriges geologiska undersdkning. Beskrifningar till geo- 
logiska kartbladen, i skalen 1: 50,000. Nos. 73-79. 8vo. 
Stockholm, 1880-81. 


—. : till geologiska kartbladen i skalen 1: 200,000. 
No. 6. 8vyo. Stockholm, 1880. 


Tate, R. Description of a new Species of Belemnite from the Meso- 
zoic Strata of Central Australia. 8vo. Adelaide, 1880. 


Descriptions of some new Species of South Australian 
Pulmonifera. 8vo. Adelaide, 1880. 


——. On the Australian Tertiary Palliobranchs. 8yvo. Adelaide, 
1880. 


Tawney, E. B. On the Upper Bagshot Sands of Hordwell Cliffs, 
Hampshire. 8vo. Cambridge, 1881. 


Thomson, James. On the Genus Alveolites, Ampleaus, and Zaphrentis, 
from the Carboniferous System of Scotland. 8vo. Glasgow. 
1881. 


Thomson, Sir William. OnGeological Dynamics. 8vo, Glasgow, 
1871. Presented by R. H. Scott, Esq., F.RS., F.GS. 


—. On Geological Time. 8vo. Glasgow, 1871. Presented by 
Rk. H. Scott, Esq., FRS., £GS. 


Traquair, R. H. Report on Fossil Fishes collected by the Geo- 
logical Survey of Scotland in Eskdale and Liddesdale. Part I. 
Ganoidei. 4to. Edinburgh, 1881. 


Trautschold, H. Ueber den muthmasslichen Geschlechtsapparat 
von Poteriocrinus multiplex, Trd. 4to. Moscow, 1882. 


Tschermak, G. Lehrbuch der Mineralogie. Lieferung 1. 8yo. 
Vienna, 1881. Purchased. 


Tullberg, S. A. On the Graptolites described by Hisinger and the 
older Swedish authors. 8vo. Stockholm, 1882. 


——. Skanes graptoliter. I. Allman 6fversigt 6fver de siluriska 
bildningarne i Skane och jemforelse med ofriga kinda samtidiga 
aflagringar. 4to. Stockholm, 1882, 
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United States. Geographical aad Geological Survey of the Rocky- 
Mountain Region. (J. W. Powell, in charge.) Report on the Geo- 
logy and Resources of the Black Hills of Dakota, by H. Newton 
and W. P.Jenney. 4to; Atlas folio. Washington, 1880. New 
York, 1879. 


. Geological and Geographical Survey of the Territories. Bul- 
letin. Vol. VI. No. 2. 1881. 8vo. Washington, 1881: Pre- 
sented by Dr. F. V. Hayden. 


Geological Exploration of the Fortieth Parallel. (Clarence 
King, Geologist in charge.) Vol. VII. Odontornithes. By O. C. 
Marsh. 4to. Washington, 1880. 


Geological Survey. First Annual Report, by Clarence King. 
8vo. Washington, 1880. 


Ussher, W. A. E. Etude sur les roches triasiques de Normandie et 
sur les dépots limitrophes. (Traduction littérale de l’anglais, par 
G. Lionnet.) 8vo. Havre, 1879. 


Victoria. Mineral Statistics for the year 1880. 4to. Melbourne, 
1880. Presented by the Minister of Mines. 


. Reports of the Mining Surveyors and Registrars. Quarter 
ended 3lst March 1881. 4to. Melbourne, 1881. Presented by 
the Minister of Mines. 


—-. ——. Quarter ended 30th June 1881. 4to. Melbourne, 
1881. Presented by the Minister of Mines. 


: . Quarter ended 30th September 1881. 4to. Mel- 
bourne, 1881. Presented by the Minister of Mines. 


: . Quarter ended 31st December 1881. 4to. Mel- 
bourne, 1881. Presented by the Minister of Mines. 


Vom Rath, G. Erdbeben von Ischia vom 4. Marz 1881. Zustand 
des Vesuv im Marz 1881. Ein Besuch des Vultur. Krystallform 
des Cuspidin. 8vo. Bonn, 1881. 


Palaistina und Libanon. Geologische Reiseskizze. 8vo. 
Bonn, 1881. 


Waener, H. Beschreibung des Bergreviers Aachen. 8vo. Bonn, 
1881. Purchased. 


Wardle, Thomas. Handbook of the Collection illustrative of the 
Wild Silks of India, in the Indian Section of the South Kensing- 
ton Museum, with a Catalogue of the Collection and numerous 
illustrations. S8vo. London, 1881. 


Welton, Thomas. Jacob’s Rod: a translation from the French of a 
rare and curious work [by Baritel], a.p. 1693, on the art of finding 
springs, mines, and minerals by means of the hazel rod. To 
which is appended researches, with proofs of the existence of a 
more certain and far higher faculty, with clear and ample in- 
structions for using it. 8vo. London, no date. Purchased. 
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Whitaker, W. Geology of the District around Lynn. Newspaper 
slip. Lynn, 1881. 


Willett, H. The Record of the Sub-Wealden Exploration. 8vyo. 
Brighton, 1878. 

Wilson, E. The Permian Formation in the North-east of England. 
8vo. Birmingham, 1881. 

Winkler, T. C. Musée Teyler. Catalogue systématique de la col- 
lection paléontologique. 4°Supplément. 8vo. Haarlem, 1881. 

Etude carcinologique sur les genres Pemphix, Glyphea et 
Areosternus. 8vo. Haarlem, 1882. 

Winn, J. M. Materialism at the Tnternsiienel Medical Congress. 
8vo. London, 1881. 

Wisconsin Geological Survey. Report 1873-79. Volume III. 
8vo; Atlas folio. Madison, 1880. 

Woeikof, A. von. Gletscher- und Eiszeiten in ihrem Verhiiltnisse 
zum Klima. 8vyo. Berlin, 1881. 

Woodward, H. B. Notes on the Relations of the Rhetic Beds to 
the Lower Lias and Keuper Formations in Somersetshire. 8vo. 
London, 1872. 

Zigno, Baron Achille de. Amnnotazioni paleontologiche. Nuove 
aggiunte alla fauna eocene del Veneto. 4to. Venice, 1881. 


Flora fossilis formationis oolithice. Le piante fossili dell’ 
oolite. Vol. II. Puntata2 &3. 4to. Padova, 1881. 


Zittel, Karl A. Handbuch der Paliontologie, unter mitwirkung von 
W.P.Schimper. Band I. Abth. 2. Lieferung 1. 8vo. Munich 
and Leipzig, 1880. Purchased. 


3. Maps &c. 


The names of Donors in Italics. 
Belgium. Oommission de la Carte géologique de la Belgique. 
Planchettes Casterlé, Herenthals, Lille, et Renaix. 1881. 


Bird, C. A geological map of Yorkshire. Scale 4 miles to 1 inch. 
Bradford, 1881. 


Finlands geologiska Undersokning. Karta Nos.3 & 4. s5y555- 


France. Carte géologique detaillée de la France. Sheets 30 and 
136. Scale gjtgy- 1881. Purchased. 


Coupes longitudinales. Feuille 113. 1881. Pur- 


chased. 


Dépot de la Marine. Charts and plans of various coasts and 
ports, 30 sheets. 


\ 
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Great Britain. Geological Survey. 


English Map. Sheets 67 N, 47, 95N.W., S.W., S.E., 103 
N.W., N.E., S.W., S.E., 1048S.E., 106 N.E., S.E., 1098S. W., 
518. W. 

English Drift. Sheets 81 N.W., 888.W., 898.E., 90 N.E., 
ig GAIN. W 25.8. Way GOs Wes Se Woes, ele, 1 LON Wien Netra 
104 8.E., 105 N.E. 

Trish Map. Sheets 27, 39, 58, 738. 

Scotch Map. Sheets 25, 30. 


English Horizontal Sections. Sheets 62-64, 66-78, 80-110, 
112-118, 120, 121. 


English Vertical Sections. Sheets 27-67. 
Trish Horizontal Sections. Sheets 6-24. 
Irish Vertical Sections. Sheet 1. 

Scotch Horizontal Sections. Sheets 1-8. 


Scotch Vertical Sections. Sheets 1, 3-7. 
Presented by the Director General. 


‘Ttaly. Carta geologica d’ Italia. Scale ,+77- 2 sheets. Rome, 
1881. Purchased. . 


Leymerie, A. Carte Seu ue du département de la Haute 
Garonne 4 l’échelle de =,,555- Toulouse, 1879. Purchased. 


Murray, A. and P. Howley. Orthographical Map of Newfoundland. 
Scale 7 miles to | inch. London, 1881. 


New South Wales. Department of Mines. Geological Sketch Map 
of New South Wales. Compiled from the original map of the late 
Rey. W. B. Clarke by C. S. Wilkinson. Scale 16 miles =1 inch. 
‘Sydney, 1880. 4 sheets. 


Norway. Geologiske undersogelse. Geologisk oversigtkarta. Bl. 9p, 
10c, 143, 14p, 16D, 19 B, 22 B, 4638, 46D. Scale >yga5. 


. Geologisk 6dfversigtkarta over det sydlige Norge. 
1878, Scale paabie ae 
Ordnance Survey. ° 
One-inch Maps. 
England and Wales. New Series, outline. Quarter sheets 
283, 302, 317, 318. 
Ireland. Hills. Quarter sheets 122, 150, 151, 152, 162, 
173, 201, 202, 205. 
Scotland. Outline. Sheets 101, 102, 113. 
Scotland. Hills. Sheets 94, 109, 115. 
Six-inch County Maps. 
Argyll. Sheets 22, 36, 37, 38, 49, 50, 51, 59, 63, 66, 67, 
68, 69, 78, 81, 82, 83, 84, 93, 94, 95, 104, 105, 106, 107, 


(Gap 
116, 1167, 116", bie 11S, 110; 120, 126; 156; 146, 147 
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————— 
148, 155, 156, 157, 158, 165, 167, 168, 175 and 176, 177, 
178, 185, 186, 187, 189, 199, 209, 210; SUyaaees aa, 
221), 229. 2351, '2382..233, 239, 239%, 
Berkshire. Sheet 39. 


ee en 

and Bucks. Sheets 31 and 54, 45 and 58, 32 and 56. 

Buckinghamshire. Sheet 54. 

Cavan. Sheets 24, 26, 28, 41, 43. 

Cheshire. Sheets 1, 4, 5, 6, 7, 8, 9, 12, 14, 15, 16, 20, 21, 
22, 23, 24, 25, 26, 29, 31, 32, 33, 37, 39, 40, 44, 45, 46, 
48, 53, 55, 59, 60, 63, 65. 

Cheshire and Flint. Sheet 64. 

Cromarty. Sheets 1, 1°, 1*, 2, 3, 3%, 4, 6, 6°, 8. 

Essex. Sheets 1, 9, 138, 14,15, 16, 17, 20, 21, 28, 24, 25, 
26, 27, 28, 30, 32, 33, 34, 35, 36, 37, 41, 43, 44, 49, 51, 
52, 53, 54, 55, 57, 59, 60, 66, 67, 68, 79. 


: | Cpa eee 
Hants and Wilts. Sheet 62 and 80. 


—— 
Herts and Middlesex. Sheet 2 and 41. 
Inverness. Sheets 11, 50. 


oA Barra. Sheets 62, 63, 64. 
—— 
x Harris. Sheets 1, 2, 3, 4 and 8, 5, 7, 9, 10, 12, 
ae 
14, 15 and 20, 16, 17, 18, 19, 21, 23, 27, 28, 31. 
ms Island of Skye. Sheets 15,16, 17, 20, 23, 24, 


97, 28, 30, 33, 34, 35, 37, 38, 39, 40, 43, 46, 47, 49,50, 
51, 52, 56, 57, 62, 63. 
= N. and 8S. Uist. Sheets 29, 30, 33, 34, 35, 37, 


38, 39, 40, 42 and 48, 44, 45, 47, 48, 49, 51, 52, 53, 55, 
57, 58, 60. 

Kent. Index. 

Longford. Sheets 1, 7. 

Middlesex. Index. 

Orkney and Shetland. Sheets 3, 4, 7, 11, 13, 14, 144, 15, 19, 
20, 21, 24, 25, 29, 32, 35, 36, 40, 43, 44, AB, 48, 52, 53, 
55, 56, 57, 59, 60, 63, 66, 67, 68, 69. 

Ross-shire. Sheets 127, 19, 19*, 31, 32, 36, 44, 45, 46, 49, 
51, 56, 57, 58, 62, 68, 69, 71, 74, 80; 80%, Slee 
84, 85, 86, 90, 94, 95, 96, 97, 98, 99, 105, 106, 107, 108, 
112; 113, 114. 

Ross and Cromarty. Sheets 9, 12, 13, 14, 15, 20, 21, 22, 
23, 28, 29, 33, 34, 35, 37, 42, 47, 48, 49, 50, 61, 63, 64, 
73, "5, 78, 82, 87, 88, 99. 

Ross and Cromarty. Index. 

Wiltshire. Sheet 77. 


Saxony. Geologische Landesuntersuchung des Kénigreichs Sachsen. 
Karte. Blatt 27, 42, 43,126. s<Ao>: 
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Shetland Islands. Mineralogical Chart and Geological Map. By 
Prof. M. Forster Heddle, M.D. 


Sutherland. Geological and Mineralogical Map of. By Prof. M. 
Forster Heddle, M.D. 1881. 

Sweden. Jernkontoret. Medlersta Sveriges Bergslag. Geologisk 
ofversigts-karta. Blad No.4 &7. 1880. Scale 5=545;- 


——. Sveriges geologiska undersokning. Karta. Ser. Aa. Nos. 73, 


a6, 77 and 78,79. 2. 

. Karta. Ser. Ad. No. 6. SU0UD' 

Switzerland. Commission géologique dela Suisse. Carte géologique. 
Blatt XIX. 


Wagner, H. Flotz-Karte von dem Steinkohlenbecken an der Worm, 
zur Beschreibung des Bergreviers Aachen. 1881. And one 
sheet of sections. Purchased. 


II. ADDITIONS TO THE MUSEUM. 


A specimen of Neuropteris heterophylla from the New Winning, 
Sydney Mines, Cape Breton, Nova Scotia. Presented by C. B. 
Brown, Esq., F.GS. 

Four plaster models illustrating memoirs by the donor. Presented 
by Dr. E. Reyer. 

A specimen of Platax altissimus from the Eocene Tertiary of Monte 
Bolea. Presented by Ineut.-Gen. Randolph. 
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